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FOREWORD 

I am very grateful to the authors who have contributed to this num- 
ber of tlie Medical Clinics of North America. In selecting subjects, 
special attention has been paid to the needs of the general practitioner. 
Eacli author has done outstanding work In the field which his paper 
covers. Of tlie twenty-two papers, fourteen are from Chicago, and 
eight from various other parts of the United States and Canada. 

This volume includes a symposium on recent developments in en- 
docrinolog)'. Our kmowledge of glands of internal secretion has in- 
creased very rapidly in the last few years. Accurate diagnostic methods 
have been develop^ and specific therapeutic agents are now available 
with which it is possible literally to pr^uce modem miracles. 

I believe that this volume will prove of value to those who read it 

VViLLAnn O. TnostPsoN, M.D. 

Consulting Editor 






SYMPOSIUM ON ENDOCRINOLOGY 


TREATJIENT OF GRAVES’ DISEASE WITH 
RADIOACTIVE IODINE 

Mayo H. Solet, M.D.* and Eam, R. Muxeb, M.D.f 

The first thyrotoiic padents to receive radioactive iodine as a thera- 
peutic agent were treated by Hertz in the spring of 1941. Coinciden- 
tally, Hamilton, Soley and Elchom used radioiodine in rabbits 

and dogs in order to determine the effect in animals of single doses in 
amounts up to appro.Ytmately thirty times the expected sin^e dose in 
man. On October 12, 1941, Hamilton and Soley treated their first pa- 
tients with Graves’ disease with this agent The original work of both 
groups was reported in abstract form in September, 1942.^- * The first 
full reports of the therapeutic effects of radioactive iodine were those 
of Hertz and Roberts’ and Chapman and Evans’ in 1946. During the 
past fetv years, groups at the Massachusetts General Hospital, the Uni- 
versity of California Hospital, the Presbyterian Hospital in Nmv York, 
the hlayo Clinic and the Cedars of Lebanon Hospital in Los Angeles 
liave, among others, treated an increasing number of patients. The ex- 
perience of these groups is now reaching a state that permits publica- 
tion of results so that H” may be accorded its rightful place in the 
therapy of Groves’ disease. Means’ may be quot^ as our guide in 
evaluating radioiodine; The proof of the pudding is the eating, and 
similarly the proof of the treatment of any disease lies in the practice 
thereof, and that for a sufficient length of time and under adequately 
controlled circumstances. Forms of therapy ultimately survive or dis- 
appear in accordance with the impression they make on dispassionate, 
yet qualified observers. Time is a requisite in their appraisal." 

ANISUi. ESPERUIENTS 

Single doses of 300 raicrocuries of carrier-free radioiodine (I”’) 
obtained from the Berkeley cj'clotron were injected subcutaneously in 

From the Divlsloia of Medicine and Radiology of the Untverjity of Callfomln 
Medical School and the Thyroid Clinic of the Untversity of California Hospital, San 
FmiKlsco. Grateful acknosvledgement is made to Miss Jean Hitch for her help in 
coordinating this study and compiling data. 

Supported in part by a grant from the American Medical Association Therapeutic 
Research grant , 

• Professor of Medicine, University of California Medical School 
1 Associate Professor of Radiology, Unisraralty of California Medical School. 
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rabbits and dogs. In the rabbits, the thyroid gland showed extensive 
necrosis, hemorrhage, polymorphonuclear infiltration and changes in 
all the layers of the arteries by the tenth day. At twenty days, the thy- 
roids still showed healing vascular changes, some polymorphonuclear, 
lymphocytic and eosinophilic infiltration, as well as fibrosis. After thirty 
and forty days, further fibrosis occurred, the thyroids decreased to ap- 
proximately half the expected normal weight and size, the cellular in- 
filtration was of lesser degree and the arteries showed intimal and 
medial fibrosis and thichening and perivascular fibrosis; only a few 
acini remained at the poles and these also did not appear to be entirely 
normal. One dog sacrificed at forty days had a thjnroid showing changes 
similar to those seen in the rabbits’ thyroids at forty days and a single 
dog sacrificed at 100 days showed almost complete destruction of the 
thyroid and partial or complete occlusion of the arteries and veins. One 
rabbit showed damage to the renal tubules; glands of internal secre- 
tion, trachea, bone marrow, liver, spleen, lymph nodes, kidneys and 
peripheral blood counts were within normal limits on pathologic ex- 
amination (Hamilton, Soley, and Eicbom®— unpublished data). Meta- 
bolic rates were not obtained on these animals, and their clinical condi- 
tion at least did not suggest tlie severe thyroid deficiency that one 
might expect from the appearance of their thyroids. 

In the past year. Miller, Lindsay and Soley'^ gave larger doses of 
to animals or^y to determine the effect of radioactivity on the kidneys 
and other organs. Rabbits were given 0.5 millicuries of per pound 
orally. This was done to destroy the thyroid partially so that it would 
not take up too much of a large dose of iodine and produce local 
necrosis of surrounding tissues. Five days after this dose, animals were 
given by mouth up to 4 miUicuries of per pound. The animals 
were sacrificed at the end of four weeks. The thyroids were partly or 
completely destroyed at this time; in addition, there was some injury 
to the trachea and renal tubules. No other demonstrable damage was 
noted. Blood counts were not done in this group of animals. 

TECHNIC 

Camer-free radioiodine calibrated in millicuries per cubic centi- 
meter is received from Oak Ridge. We have accepted this calibration 
in our work. A number of attempts have been made to check this cali- 
bration and in the future well standardized solutions Avill be used 
throughout the entire country. 

When tlie stock of I^®! arrives, known amounts from 10 microcuries 
to 2000 microcunes are put into standard rubber-capped 30 cc. serum 
bottles, and the bottles are filled with water. These bottles are used to 
obtain standardization curves of millicuries versus counts per minute 
on the Geiger counter. These bottles are about the size and weight of 
a sliglrtly enlarged thyroid. 

A bell-shaped Scott-Geiger-Miiller tube 2)4 inches in diameter is 
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used. It is mounted in a lead cylinder with 1 inch walls. For standards 
from about 100 to 2000 microcurics a distance of 53 cm. from the bottle 
to the face of the Geiger tube is used. The radiation is filtered through 
2 mm. of lead. Small amounts (10 to 100 microcuries) are measured 
at 18 cm. without a filter. 

On all measurements a background reading on the counter is taken. 
The second measurement is the response of the counter to a 0.6 mg. 
radium needle which is in a lead container svilh half inch walls. This 
has acted as our arbitrary gamma ray standardization throughout the 
entire work. Then each of the bottles in turn is placed on a wooden 
phantom which resembles tbo neck in size, and the counts from the 
r'arious standard bottles are taken. Curves are drawn using counts per 
minute against microcuries under the above conditions. 

The patient receives the mdiolodine, usually at the start of the day. 
The ioine solution is put in about 50 cc. of water which the patient 
drinks. The patient returns for the measurement of the thyroid uptake 
usually twice the first day, three times the second day, and once the 
third day. All of the urine is collected over the forty-eight hour period. 
It is divided into four twelve-hour specimens. The amount of I^*' in 
each of these specimens is determined. 

When the patient returns for measurement, ho lies flat on a table 
and the Geiger counter is moved directly over the neck at a distance 
of 63 cm, from the front of tlie neck. A count is taken in this position. 
The Geiger counter is then moved over the thigh, just above the knee, 
again at 53 cm. The count here is taken. It will be observed that the 
thigh above the knee is about the same size and shape as the neck. 
The essential difference between the areas is the presence of the thy- 
roid. We subtract tlie count from the thigh (which acts as a neck 
background) from the counts which are obtained from the neck plus 
the thyroid. This leaves the number of counts presumably due to the 
thyroid. In each of these measurements, background, radium counts 
and a standard bottle which gives us approximately the same number 
of counts as the neck and thyroid give, are checked. Frodi this data 
one can then refer to tlie prerlous calibration 'curves and determine 
the amount of in the thyroid in microcuries of I*®^. 

A standard 33 cc. serum bottle such as was used for the original 
standardization is filled svith the urine from one of the rivelve hour 
specimens. This is usually counted at 18 cm. rvithout filter. The counts 
from this are then referred to a standard curve which tells us the 
amount of I‘Si in 33 cc. of urine. This dso tells us the amount of Ii®i 
per cubic centimeter of urine which, multiplied by tlie number of 
cubic centimeters of mine collected in the twdve hours, gives the total 
twelve hour urinary excretion of the iodine. 

During the course of study of the uptake of radioiodine in the thy- 
roids of patients with various types of thyroid disease and in normals, 
it has been found that, in general, the uptake of radioiodine in nor- 
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mals is less than 30 per cent; usually it is much less than this. In pa- 
tients with frank untreated Graves’ disease, the uptake of iodine usu- 
ally hes between 40 and 80 per cent. These observations actually have 
been of diagnostic significance in patients in whom anxiety states made 
deteiTuinations of lire basic metabolic rate difficult When the uptake 
of a tracer dose of (100 to 250 microcuries) is high, the diagnosis 
of hyperthyroidism is usually confirmed; if it is low, the diagnosis of 
hj'perthyroidism is not tenable. 

In this entire study, carrier-free I^^^ has been used. There is no 
inert iodine in carrier-free The number of iodine molecules is so 
small in our dose range of Ii3i tiiat no effect due to iodine per se is 
expected. 

DANGERS 

All radioactive material is dangerous. It must be handled with great 
care and should be handled by remote control instnunents. The main 
supply of iodine is kept in a lead cylinder with thick walls surrounded 
by lead bricks. The following app'aratus is used when transferring 
solutions from one container to anotlier. A pipette is held vertically on 
a ring stand. A pipe runs from the top of the pipette at right angles 
for a distance of about 2 feet along a horizontal rod. A syringe is put 
on tlie other end of the copper pipe. When the piston of the syringe is 
puUed back, the fluid will rise in the pipette; when it is pushed in, the 
solution is defivered from the pipette. The amounts can be measured 
exactly. Long tongs are used to handle iodine containers. All stock 
solutions are kept behind lead brick. It is important, obviously, that 
none of the material be spilled. If the material is spflled, it should not 
be ingested, should not touch the skin, nor should the vapors be in- 
haled. It is important to do measurements of gamma ray activity around 
the area where the stock bottles are kept so that personnel in this 
wcinity are not overirradiated. 

CLINICAL MATERIAL 

Patients reported in this study were chosen for treatment by mem- 
bers of the Thyroid Committee of the University of California Hos- 
pital. All patients had undoubted Graves’ disease varying from mild 
to severe degree, as evidenced by chnical appraisal and laboratory 
tests. No patients with nodular goiters were included in this series 
since we beh'eve that operative removal is the treatment of choice 
when nodules can be palpated in the thyroid. This group of patients is 
a segment of a large number that are being studied under the auspices 
of tire Atomic Energy Commission in order to determine the action of 
1 adioiodine on patients. 

The uptake of radioiodine in the tliyroid and its excretion in the 
urine were determined in nearly all the patients. The clinical aspects 
of the study were carried out by members of the Thyroid Committee. 

Early in the comse of this program, small (as little as 250 micro- 
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curies) find frequent (once \veetly) doses of were ndmtnistered. 
Later, and tliis is true for most of the patients, when larger supplies of 
jui ^vere available, each single dose was 1000, 1500 or 2000 micro- 
curies. To date, no single dose larger than 2000 microcuries has been 
given to hyperthyroid patients, altliough up to 50,000 microcuries have 
been administered at one time to a patient witli metastatic carcinoma 
of tlie thyroid. 

RESULTS OF THERAPY 

Sufficient data are available on thirty-three patients to permit dis- 
cussion of the effect of in Graves* disease. Only a few had had 
recent treatment by other metliods. None of the thirty-tliree patients 
had received x-ray tliempy prerdously and only one patient (Case 8) 
had been operated upon previously; this patient had mild but definite 
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Fig. 1,— CoiTiE^to graph of basal metabolic rates of 19 of 25 patients with 
satisfactory recovery following oinlnlslrntlon of ladlolodine. (The remaining 0 
patients were not included because time did not permit making a ne%v chart.) 

rccmrence of h)’perthyroidlsm following dperation for which she was 
treated with ’ '. Cases 7, 9, and 33 had received propylthiouracil 
until n ferv weeks prior to tlie odministmtion of P*'; Case 18 had had 
thiouradl prior to radioiodine and Case 19 had been treated with ordi- 
nary iodine up to ses’eral months before radioiodine was given. Only 
Case 32 had any other specific therapy during the months subsequent 
to the administration of radioiodine— this patient had two episodes of 
rheumatic fever, one associated with rheumatic pancarditis and cardiac 
failure. She was given propyllhlouracll in order to make doubly cer- 
tain that her thyroid played no part in the cardiac complications es’en 
though her thyroid function seemed to have returned to normal within 
two and one-half months from the date of the first dose of P’l. The 
pertinent data concerning the thirty-three pab'ents are summarized in 
Tables 1 and 2. 



TABLE 1 

Aivalysis of T^venty-ftve Cases in Which the Results Were Good 
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Thyroid weights were estimated by one individual (M.H.S.) who 
for about twelve years, has estimated the size of diyroids of many 
patients who were to be thyroidectomized. The thyroid tissue removed 
at operation has been weighed and compared with the preoperatively 
estimated weight. To detennine the weight of thyroid left in the neck, 
a piece of the removed thyroid, the size and shape of the residual in 
the neck, is weighed. The accuracy of thyroid weights as estimated by 
these procedures has been such as to lend credence to the recorded 
size of the thyroids of these thirty-three patients before and after treat- 
ment (Tables 1 and 2). 



Fig. 2.— Composite graph of protein-bound iodines in 19 of 25 patients witli satis 
factory recovery followsng radioiodine therapy. 


Tlie blank spaces noted in Tables 1 and 2 under the tabulation of 
basal metabolic rates and protein-bound serum iodines represent either 
a failure to obtain a test at the time the patient was studied or the 
elimination of an unsatisfactory test. As always happens in a study 
such as this one, few tests could not be done' and a few tests were 
known to be unsatisfactory by both the technicians doing the tests and 
( as in the case of a basal metabohc rate determination ) by the patient 
himself. 

The last column of Table 1 shows, for the first twenty-five patients, 
the time interval between the date of tlie first dose of and tlie 
date when the patient was clearly normal by history, physical exam- 
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ination and laboratory tests. Patients 26 through 33 have in some in- 
stances not yet returned to normal status, so only the statement that 
they are not normal after a given period of follow-up is made. 

Of the thirty-three patients, what may be classified as good results 
in the sense that the patients returned to normal in about four months 
(average 3.7 months) were obtained in twenty-five; the thyroids in this 
same interval decreased from an average of just over 30 gm. to less 

1. E AET 59 + 



Fig. 5.— Course of Case 11. Patient I. G., a 59 year old housewife, who had had 
periods of nervousness, irritability, rapid and regular heart rate with sudden onset 
and offset since the death of her husband in 1942. Pneumonia had followed repair 
of a detached retina in October, 1945 and was associated with a thyroid crisis. 
Mrs. G. was a flushed, warm, hyperactive woman \vith a stare, no exophthalmos, a 
pulse that was 90 and regular, a blood pressure of 180/100, a thyroid estimated to 
weigh between 25 and 30 gm. wth no nodules or bruit, an enlarged heart xvith a 
mitral systolic murmur, and a fine tremor of her extended fingers. 

than 15 gm., the basal metabolic rates dropped from an average of 
plus 30 per cent to an average of minus 10 per cent, and the protein- 
botmd iodines (determined on blood serum) dropped from an average 
of 10.6 micrograms per 100 cc. to 5.7 micrograms per 100 cc. The 
average total dose of was 2726 microcuries. 

Of tlie eight patients (Table 2, Cases 26 to 33) in which the results 
were classified as unsatisfactory, three have not yet returned to nor- 
mal; one is so handicapped by rheumatic pancarditis that her clinical 
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situation cannot bo appraised satisfactorily; and four patients took too 
long a period to return to normal. On the whole, these patients had 
larger goiters (average 43 gm.), higher basal metabolic rates (average 



Fig. 0.— Cour»« of Case 1, lUostratix*© of a good lesiiU In moderately severe 
Graves’ disease. Patient H. B., a 47 year old office worker and housewife, whose 
*>'mptoms began one year before entry to the University of California Hospital with 
tlie gradual onset of nervousness, IrTilabllfty, tremor and an enlarged thyroid. These 
symptoms progressed and ilx months before entry she noticed increasing heart con- 
sdousness and dyspnea on exertion, poor appetite, increased sweating and an 
Increase to 2 to 3 stools dally, On ph>'8lcBl exnmlnation, Mrs. B. ^vas apprehensive 
but cooperatis'C, TDOving and talking rapidly. The sldn ^vas worm, flushed and moist. 
Exophthalmos was apparent and measured 19.6 mm. on th© right and 20.5 mm. 
on the left; the orbital resistance was increased, lid lag \vas definite. AH her teeth 
had been removed. The lh>Totd was enlarged to about 45 gmj a systolic bruit was 
heord bilaterally and a pyramidal lobe was palpable. The heart was normal except 
for overactivity, tlie pulse was 100 and regular, and the blood pressure was 130/70. 
The tip of the splera was palpable. A fine tremor of the extended finger* was 
present 

plus 43 per cent), higher protein-bound Iodines (average 12.9 micro- 
curies) dian Cases 1 to 25. In the beginning of this study, we did not 
know the dose needed in these sicker patients and, both then and later, 
often did not have adequate amounts to give them. Under our present 
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system, such patients would be given doses of at least 2000 microcuries 
of at least once a month until the chnical status was nearing 
normal and the thyroids had shown a decrease in size toward the nor- 
mal. We would estimate the largest total dose necessary for any of 
this group of eight patients to be between 10 and 12 miUicuries. 

M. M. a 12S14L E AET. 19 



WEEKS MONTHS 

Fig. 7.— Case 31. Mrs. M. M., a 19 year old housewife, whose symptoms began 
ten months before entry following a fire in her living quarters. She had noted nerv- 
ousness and decrease in menstrual flow progressing in the next five months to 
greater irritahifity, and by two months before entry she noticed a goiter, pounding 
heart and increased fatigabihty. A basal metabolic rate six months before entry was 
normal. Her paternal grandmother had had a goiter treated with iodine. On 
physical examination, Mrs. M. was flushed with warm moist sldn. There was a stare, 
exophthalmos (both eyes measured 20.5 mm.), widened palpebral fissures and lid 
lag. The tonsils were absent. The thyroid was enlarged to about 50 gm., the right 
lobe felt larger than the left and there ivas a bruit, both systolic and diastolic, on 
the right and systolic on the left. A pyramidal lobe was palpable. The heart was 
normal in size wath soft mitral and pulmonic systolic murmurs. The pulse ivas 
120 and regular; the blood pressure 135/65. There was a right rectus scar. Her ex- 
tended fingers showed a fine tremor. She is classified as an unsatisfactory result. 

Certain changes were noted in enough patients following treatment 
with to warrant comment. Often within twenty-four to seventy- 
tivo hours after the radioiodine had been given, there was definite 
tenderness in the thyroid, sometimes noted spontaneously by the pa- 
tient but nearly always apparent (after a dose of 2000 microcuries) 
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vrfien the thjToid \^’as palpjtcd. With lliis, the sedimentation rate in- 
creased to as high as So mm. mtrobe'. -Vlso there wars an increase 
in the level of the protein-bomid iodine and from the fourth to the 
tenth day or longer an incieasc m the ssTuptoms of hs’pcitlisToidism. 
More complete studies will be pubhshed concerning these phenom- 
ena— at the present time wo bchew they indicate dcstniclion of the 
thjToid from radiation anJ relea'-e of its prenously stored hormone. 
F^ure to find these changc.s m.i\ mean that relatively small amonnts 
of radioiodine were taken up h\ the tlijToid or that little honnone was 
stored witliin the thjTOid at the Unie the radioiodinc was given. In 
severe hyperthyroidism, large doses of radioiodinc may es’en precipi- 
tate a serious exacerbation, 

Twenty-SLS patients of tlie thirty-tliree liad serial mc:uairemcnts of 
the prominence of their eyes. One p.itient had a decrease in exoph- 
thalmos of 1,5 mm. In one cso and no change in the oilier. Ses'cnteen 
patients showed no change in the prominence of their es-es. She others 
had increases of 1.5 to 25 mm. Two patients developed severe exoph- 
thalmos, Case 1 having an increase of 3.5 mm, in the prominence of 
both eyes and Case 3 an increase of -1.5 in llic right eye and 4 in tlie 
left eye as measured by a Zeiss llcrtel Ophllialmometcr, Both of the 
patients with severe exophthalmos were placed on tlijToid llicmijy to 
tolerance; in Table 1, tests recorded for both extend only to tho time of 
thyroid therapy. In our exiicrience at the University of Califoniln Hos- 
pital to date, an increase in exophthalmos in patients Irontod svith 
radioiodine occurs less frequently than in surgically trcntctl patients 
and more frequently llinn in patients treated witli x-my.* 

^Vhile the investigators at the University of California Hospital have 
had little experience wiUi patients followed for many years after radio- 
iodine therapy, three of Hamilton and Solcy’s patients’ have been 
examined repeatedly since 1941. Six patients were treated in that orig- 
inal series; one di^ soon after her first dose of mdiolodine firon a 
cerebral embolus caused by an altack of paroxysmal auricular fibrilla- 
tion; two others moved away before tlienipy was compittsd and one 
of these is known to have had a subtotal tliyroidcctcn^' later hi Mow 
.York. The remaining three patients have done wcH, Two learned 1000 
microcuries and the third 1600 mlcrociirlcs. The tLird palient had re- 
ceived 1000 microcuries in dividcti dosage of SW mfcrocm'fes each 
about one month apart but required a third deae of 500 mfcrotiirics to 
bring about a complete rcmi.sslon. One of tf/rre three har v/Iiat might 
be classified as doubtful liypolhyrofdftm. Of the otW two who have 
remained normal, one is being followej hy armtln.r physician in 
Kansas. 

comayr 

The only radioactive Isoiope of Jodir.e vv-d hi the therapy of 
disease at tho University of CaUfoniu Hospital Is 
should be stressed since Hertz and and Chapman 
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have used mixtures of and Jisi. Jiao has a half life of twelve and 
one-half hours; one microcurie uniformly distributed in one gram of 
tissue will, during the course of its complete decay, dehver 12.45 equiv- 
alent roentgens of beta ray energy. On the other hand, has a half 
life of eight days; one microcurie uniformly distributed in one gram of 
tissue dehvers 142 equivalent roentgens of beta ray energy during the 
course of its complete decay.® It is apparent that much larger doses of 
113 0 tlian of II ®i are needed to irradiate the thyroid sufficiently to 
cause a satisfactory remission in hyperthyroidism. This should be kept 
in mind when the various pubhshed reports on radioiodine are read. 

Proper total dosages of Ii®i and ideal treatment schedules for its 
administration are not yet known. The Massachusetts General Hospital 
group and the group at the Mayo Clinic are using much larger single 
and total doses than the group at the University of Cahfomia Hospital. 
The exchange of data among these and other groups and the fact that 
at present only Ii®i is being used by aU groups will facilitate the 
clarification of the problem of dosage. No one yet knows whether a 
single dose of 12 mrlhcuries is more effective than, for example, 'three 
doses of 4 millicuries or six doses of 2 millicuries. There will remain 
the problem of exact measurement of a milHcurie of Ii®i which in 
part is being solved by exchange and measurement of samples of this 
isotope. 

Up to the present time in this study we have not been able to deter- 
mine by any of the data at hand, such as thyroid size, basal metabolic 
rate, protein-bound iodine, or any combination of these or other ob- 
jective data, what the dose of radioiodine should be to control a par- 
ticular patient’s disease. CHnical judgment has been the most impor- 
tant factor in deciding what dose is to be used. Doses of 1 to 4 milli- 
curies are apparently adequate for the treatment of mild to moderate 
Graves’ disease whereas 10 to 12 or more millicuries are needed for 
severe Graves’ disease. 

SUMfilARY 

Thirty-three patients with Graves’ disease have been treated with 
orally administered radioiodine (I^®!) and have been re-examined for 
periods of three months to rivo years. The smallest dose of U®i which 
produced a satisfactory'^ remission was 800 microcuries; the largest 9150 
microcunes. Our present treatment schedule comprises the administra- 
tion of 2000 microcuries initially and repetition of similar doses at 
monthly intervals until the total required dose has been given. Sev- 
enty'-five per cent (twenty’'-five) of the thirty -three patients have had 
a satisfactory' remission of symptoms and signs of hyperthyroidism in 
from one and one-half months to seven and one-half months from the 
start of therapy. Eight patients (25 per cent) have either taken too 
long to return to normal (up to sixteen months) or have not returned 
to normal ivithin the period of observation (up to one year) so that 
their treatment has been classified as unsatisfactory. Studies of specific 
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problems of dosage, measurement of radloiodlne and distribution of 
radioiodine in the ihjTold indicate that further experience is necessary 
before conclusions can be drawn as to the place of this type of therapy 
in the treatment of Graves* disease. 
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TESTOSTEROINE IN THE TREATIWENT OF BREAST 

CARCINOMA" 

Fbank E. Adaib, M.D., F.A.C.S.f 
REVIEW OF THE LITERATURE 

Because of the great interest today in the treatment of human breast 
cancer with the androgens, it may be profitable to bring together the 
entire hterature on the subject for consideration. 

Testosterone has been used in cases of mammary carcinoma in 
the form of testosterone propionate by intramuscular injection,^- *• 
4, B, 0. 7, 8 subcutaneous implantation of crystalline testosterone pel- 
lets,^- ® as testosterone acetate by intramuscular injection,®' and as 
methyl testosterone orally.^® 

The first reported cases are evidently those of Looser, who treated 
two women wth proven recurrences of carcinoma following mastec- 
tomy, using testosterone propionate intramuscularly. One was a 37 
year old nulhpara with an infraclavicular recurrence seven months 
after operation, to whom he gave rather modest amounts of testos- 
terone propionate for more than a year; she developed no further re- 
currence druing the twenty-two months, after tlie first recurrence, 
wliich were covered by the report. The other patient was a woman of 
42, gravida I, para 0, whose cancer reappeared in the scar and in the 
supraclavicular nodes five and fourteen months, respectively, after 
mastectomy, and who showed no further recurrence for twenty-one 
months after the latter one while receiving moderate amounts of tes- 
tosterone propionate. Loeser mentions that male hormone was used 
originally to relieve the menorrhagia in these women, and that the 
eflfect on recurrences of carcinoma was observ'ed incidentally. He 
acknowledges that the period of observation was too short to admit of 
any conclusion but does state diat tlie results were striking and quite 
possibly significant. 

Ulrich’s® report, appearing in die same pages, includes two cases 
witli problematical features such as uncertainty of diagnosis, brief ob- 
ser\fation, low dosage of male hormone, and concomitant oophorec- 
tomy; but this author nevertheless expresses some enthusiasm. One 

From the Breast Department of the Memorial Hospital. 

® Read at the International Cancer Congress, St. Louis, Missouri, September S, 
1947. 

We are indebted to the Schering Corporation for supplying us %vith testosterone 
(Oreton) propionate; and to Dr. Edward Henderson of Schering, for generous aid 
in certain technical phases of our work. 

f Associate Professor of CUnical Surgery, Cornell University Medical School; 
Attending Surgeon, Memorial Hospital, New York Citj’. 
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patient was a woman of 45 who had had radical mastectomy, and 
whose other breast was cystic. Ulrich contended tliat the original 
carcinoma had developed on tlio basis of chronic cystic mastitis and 
that a new malignancy was therefore liable to develop in the other 
breast. He administered an uncertain quantity of testosterone acetate 
and found improvement both in tlie lymphedema of the operated side 
and in the pain and nodular consistency of the cystic breast, sufficient 
to dissuade him from a second mastectomy. In the other patient, aged 
42, carcinoma was obvious clinically in one breast while the other 
contained two tumors witliout associated lymph nodes. Castration was 
done, and a “course” of testosterone acetate was given then and a 
mondi later. Ulrich asserts that within five weeks there was risible 
diminution in the size of the malignant tumor, and that it had “passed 
back within the limit of operability” (d’lnopdrable qu’il fut, il est passd 
i la limite de ropdrabillti), althougli he was so much impressed that 
he was deferring opemb'on even then. Unfortunately, it is not possible 
to deduce the length of time this patient was followed. 

Loeser”' reported several additional cases, summarizing them* in 
1941 when six patients are described. Two were treated with proges- 
tins, and of these one received progesUns alone. Of the five recelrdng 
male hormone (in a combination of intramuscular injections and sub- 
cutaneous implantations in most cases), three survived at least to the 
time of the report, one improved for a brief period, and one deteri- 
orated rapidly. They represented women who exhibited soft-tissue re- 
currences one-half to two years after mastectomy, at ages of 37 to 45 
years, and one woman of 60 who had been treated with radium for 
eight years. In the favorable cases, ns Loeser points out, the recurrence 
was first removed surgically or destroyed by x-ray, so that cancer was 
not obviously present at the lime testosterone was begun. This inves- 
tigator adopted the poUcy of renewing the treatment whenever the 
mascuhnizing effect was evidently wearing off, so that three younger 
cases received subcutaneous implants of 500 to 600 mg. of testosterone 
about every six months. The older, unoperated patient was given a 
fairly large intramuscular course and exhibited clear local and general 
improvement for several months before declining again; further treat- 
ment was not possible at that time due to the wartime shortage of the 
hormone. Even the fifth case “showed striking symptoms of improve- 
ment," which may signify a gain In weight and Improvement In gen- 
eral condition, but nexv neoplasms appeared, involving the other breast, 
and the use of progestin exerted no Influence that was evident In the 
patient’s doivnhill course. The siuviving patients were almost five 
years postoperative at the time of the report, and the administration 
of male hormone had been attended by an absence of further recur- 
rences for two and one-half to four years. Loeser believes that the 
mode of action of male hormone may be explained as a "neutraliza- 
tion” of estrogen. 
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Farrow and Woodard® in 1942 reported three cases in detail of their 
series of thirty-three patients who had received testosterone therapy. 
Using 5 to 25 mg. of testosterone propionate one to three times weekly 
for ten to twelve doses, they were able to secure rehef of pain in half 
their cases, but the neoplasms were not influenced at this dosage. The 
three cases were chosen as exemplifying an adverse effect of male hor- 
mone therapy, viz. : an increase in the serum calcium, from high levels 
of 10 to 11 mg. per 100 cc. to 15 mg. or more per 100 cc., with the 
production of headache, anorexia, nausea, vomiting, stupor, hot flushes 
and increased pain at the site of osseous lesions. Decalcification as 
seen by x-ray was said to have been aggravated. No clinical benefit 
was apparent. In these patients, not only testosterone, but also estrone, 
and even x-ray therapy, produced an increase in serum calcium. This 
is the one untoward action which has been reported to occur in any 
of the cases treated with testosterone propionate. There was related, 
but moderate, rise in phosphatase. Farrow and Woodard suggest 4at 
the effect of testosterone in such cases is increased osteolytic activity 
of the neoplasm under an “activating” influence of die hormone. These 
audiors concluded that testosterone propionate is contraindicated in 
mammary cancer, in the dosage used in their study. 

A word of explanation needs to be injected here concerning the re- 
ported action of testosterone propionate in causing an increase in the 
serum calcium in patients with carcinoma of the breast metastatic to 
bone. It is well known that these patients almost invariably show a 
high serum calciimi before treatment of any kind. If testosterone pro- 
pionate were capable of causing direcdy an increase in serum calcium 
in cases of breast cancer with bone metastases, as reported by Farrow 
and Woodard, then one would have to conclude tiiat it would do it in 
all cases. This is certainly not true in our later series of cases which 
have been very carefuUy followed. In cases with moderate bone in- 
volvement, not only is there no increase in serum calcium, but there 
is, in fact, a slight decrease under testosterone therapy. In cases with 
widespread bone involvement where tlie initial serum calcium is high, 
we have occasionally noted a rise in the serum calcium following the 
institution of testosterone therapy, but it is quite possible that rise may 
be transitory and due to the effect of testosterone on the healing 
process. Bone lesions, hke any odier lesion, heal from the bottom up- 
ward. As new bone cells are being laid down in the deeper recesses of 
the lesion, it is reasonable to assume that the necrotic cells occupying 
the surface of the wound would be literally displaced by this healing 
process and therefore liberated into the blood stream. A very careful 
study of the metabolism of testosterone in non cancerous patients fails 
to show any action leading to an increase in serum calcium. We have 
arranged to study this problem very carefully on a large series of cases 
and be prepared to report definite findings at a later date. 

Fels,^ in 1944, described three women showing favorable responses 
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during a short period of observation. Two ^vere women with osseous 
raetastases after mastectomy, at ages of 34 and 48, of whom the former 
showed x-ray evidences of recalcification within four months of begin- 
ning testosterone propionate, and the latter may or may not have had 
less pain but at aU events ceased vomiting after a few weeks of treat- 
ment The third patient was an older woman tvith radiologically 
treated cancer en culrasse then undergoing local e.’rtensions; it is not 
clear that any prominent effect was obtained. 

Prudente,*’ in 1945, reported the use of testosterone propionate for 
inoperable mammary cancer, mainly ns an anodyne and in fairly losv 
dosage. In addition, he formed a comparison between patients who 
did and did not receive male hormone prophylactically after mastec- 
tomy, when mastopathy was present in the remaining breast. After 
four years twelve treated cases were compared svlth sixty-four un- 
treated, rvith the finding that patients without axillary metnstases are 
likely to survive four years witli or without treatment, but that patients 
with metastases are hvice ns likely to survive if they are treated with 
even small doses of testosterone propionate. Prudente used up to 175 
mg. weekly by intramuscular injection. 

Of less significance, although interesting, is Pnidente’s comparison, 
after three years, of treated and untreated patients according to the 
grade of malignancy present He reports the three year survival of one 
of three patients with grade IV neoplasm, which is merely suggestive; 
but some real significance attaches to the grade HI cases, in which the 
patients are three times os likely to survive if they receive testosterone. 
There is also a real, although less prominent advantage in testosterone 
treated carcinoma of grade H, although such cases have a noticeable 
chance of surviving in any event Grade I cases, in which patients are 
usually able to survive for three years, regardless of treatment afford 
no real comparison. 

Prudente furnishes the details of six cases exemplifying forty-nine 
vvmmen followed one year, out of a total of sixty-three women given 
postoperative testosterone for clhucal grade I and II malignancy, al- 
though five of tlie six are defined as pathological grade Rt Most of the 
cases received only small doses and pursued rapidly fatal courses; it 
appeared to be Prudente's rather ciuicms policy to reduce or discon- 
tinue the androgen when amenorrhea ensued, or when arrhenomimetlc 
signs appeared. Notwithstanding, one patient with grade II malignancy 
survived extraordinarily long, after refusing operation until the fourtli 
year of the disease, even with such modest amounts ns 30 mg. of tes- 
tosterone propionate per week. It mi^t be questioned whether any 
influence could have been thus exerted, except that a pathologiod 
study of the excised primary tumor showed an unusual fibrotlc en- 
capsulation of whatever nests of neoplastic duct tissue occurred, while 
the remainder of the breast was atrophic. The last of these cases con- 
tinues under study, about two years after mastectomy and several 
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months after bony and lymphatic recurrences, which were not pre- 
vented by 75 mg. of male hormone weekly for more than a year. This 
brief series, chosen somehow from a much larger material, does not 
correspond well with the more favorable findings given in statistical 
form, but does provide an interesting study in low-dosage androgen 
therapy. 

In 1946, Boger^° reported his treatment of a single case of mammary 
cancer using methyl testosterone by mouth, starting at 30 mg. daily. 
The case exhibited several discouraging features, such as neglect, a 
simple mastectomy and permitting the patient to become pregnant. 
Oophorectomy was done in the presence of multiple bony metastases 
twenty months after mastectomy. Methyl testosterone was begun after 
castration and continued for six months. The result of the surgical and 
“endocrinological” castration was a disappearance of pain, gain in 
weight, renewed abifity to work, recalcification of some metastatic 
lesions, and general improvement; but two months after terminating 
the androgen the patient incurred new metastases and soon expired. 
The published hterature relating to methyl testosterone is apparently 
limited to this single case. It may be a permissible inference that this 
case suggests an action of this compound quite comparable with that 
of testosterone esters. 

Experience of the Memorial Hospital.— Although we had been 
working on the problem for a number of years, the first detailed report 
of our Memorial Hospital group did not appear until 1946^ and even 
then did not provide the late follow-up that might be desired in the 
eleven cases mentioned in detail. Later reports provide further infor- 
mation concerning some of our original cases and further confirm the 
beneficial effects of testosterone in a small series of new ones.^' ° In our 
first paper we presented four cases in detail as exemplifying favorable 
results after testosterone propionate by injection alone or by injection 
and subcutaneous implant, the dosage in this series being significantly 
high for the first time in the hterature. 

However, from my experience in treating forty-eight private patients 
in 1944 using 25 mg. of testosterone propionate daily, I had come to 
three cgnclusions, namely: 

1. That in the occasional case vrith painful bone metastasis this 
agent was nothing less than miraculous for the relief of pain and for 
giving the patient needed rest xvithout narcosis. 

2. There is marked selectivity of action. In one case the improve- 
ment was striking, while in another the improvement, especially in 
local recurrence and soft tissue metastasis, was not impressive except 
in the occasional case. 

3. Larger dosages should have been employed, experimentally, id 
spite of the high cost of the product at that time. 

In our 1946 series one patient was of the postmenopausal type with 
only soft tissue metastases; the tumor had not been removed, and both 
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the iDvolved breast and the associated lymph nodes changed visibly 
under trcatmenL Masses disappeared and die nodes were no longer 
palpable. Unfortunately the patient became inaccessible, which pre- 
cluded adequate treatment and follow-up. The other three cases eiem- 
pliiied younger (age forty-two to forty-seven) patients svlth bony 
metastases, whicli began to recalcify in all three under treatment, 
while pain and otiier complaints disappeared. Additional treatment in- 
cluded previous roentgen castration and local use of x-ray for metas- 
tases apart from postoperative routine. The youngest patients became 
amenorrheic and had vi rilizi ng signs. As long as these patients were 
followed, about a year after admission, they' were surviving in an im- 
proved condition. 

Our group later reported'' more definitive results in patients with 
soft-part metastases, only two of six cases indicating a clear improve- 
ment. They include an unusual scries of patients, for e.xample, a woman 
of 52 with inoperable carcinoma treated by x-ray, a young patient seen 
in quite advanced disease, a patient of 54 who apparently watched a 
mass in the breast enlarge and ulcerate over a period of seven years, 
and so on. The latter case illustrates an indillcrent effect of testosterone 
given for five months, followed by complete regression induced by 
x-ray. Another patient iflustrates what may be an optimal effect of male 
hormone, given because of lymphatic and pulmonary metastases ap- 
pearing two years after mastectomy. After 6400 mg of testosterone 
propionate in six weeks, tiie cougli had disappeared, the nodes were 
no longer felt, and films of the chest showed diminution in the size of 
the pulmonary lesions. This patient was symptom-free for at feast two 
months of observation. The other four patients deteriorated at dif- 
ferent rates, altliough some action of the male hormone was apparent 
from amenorrhea or anestrous smears. Changes in the neoplasm were 
sought histologically in four of the cases but not found; when amenor- 
rhea xvas induced in these xvomen, even with large doses of testos- 
terone, it was comparatively brief; but the usual grade of andromimetic 
response was found— indicating that in some respects, though not all, 
the male hormone was able, svith dilBculty, to effect the characteristic 
responses; it is rather as if its action were “resisted” in some tissues. 

Impressions from the Lllernlure.— It is evident from the detailed 
case reports of the literature mentioned that certain desirable informa- 
tion is lacking in many reports, mid that no great uniformity is present 
as to details. Even the important general impressions about mammary 
cancer can only be suggested from tlie data, since the numbers are 
small, but they are fairly well borne out in a nonstatistical way; for 
example, a fairly large proportion of the women are noted to have had 
menometrorrhagia; several familial histories of cancer are present; 
older patients did not usually have bony metastases (except in such 
cases as a woman who was menstruating at 58 ) while younger patients 
did; nulliparae are prominent in Ihe series; and there is the perplexing 
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tendency of patients to siurvive for long periods with xmtreated or im- 
properly treated cancer, even before they come imder consideration in 
the problem of testosterone therapy, which they thus confuse. 

The tendency of some observers to draw either optimistic or pessi- 
mistic conclusions following the administration of small dosage which 
covered a very short period, is obvious. 

Of outstanding significance is the observation of Looser® that there 
is a possibiUty of forestalling the reappearance of cancer in patients in 
whom all known neoplasms have been eliminated, surgically or by 
x-ray, as in his cases, if male hormone is then given. But, within the 
limitations of follow-up, there are several patients in whom neoplasm 
existed but was kept under control sufficiently well to hint at survival; 
and in one especially interesting case there was no appreciable re- 
sponse to androgen but remarkable benefit from x-ray employed fol- 
lowing it. It is suggested that a potential response occurred in this 
case, that pretreatment of the tumor with testosterone may have influ- 
enced the eventual favorable response to x-ray; however, this theory 
remains to be proved. 

In general, every possible result has been seen in these cases. Ad- 
velse effects are evidently limi ted to the hypercalcemia noted by Far- 
row and Woodard® and Adair and Herrmann® which, in the light of 
later knowledge, may or may not be directly caused by testosterone. 
Arrhenomimetic actions, amenorrhea, and occasionally edema are pe- 
cuhar to androgenic therapy in women and are of no great conse- 
quence, considering the seriousness of the disease being treated. 

BASIS OF THE PRESENT REPORT 

Many new problems are constantly being presented as our experience 
increases. At the present time our impressions are based on our ex- 
perience wth approximately 450 human cases treated with testosterone 
propionate by intramuscular injection, pellet implantation or methyl 
testosterone by mouth. The cases are divided as follows: 

48 private patients treated in 1944 and 1945. 

85 research clinic patients. 

217 patients operated by radical mastectomy; and at the 
time of operation 800 mg. placed in the operative 
■wound in pellet form. 

53 private patients treated 1946 and 1947. 

45 patients treated by doctor friends under my guidance. 

PHYSIOLOGICAL ACTION 

The 217 patients who had four testosterone pellets of 75 mg. each 
placed in the latissimus dorsi muscle at the time of operation gave us 
an opportunity to study the effect of the agent in the hiunan when 
given in one massive dose. 
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Jlcnslrnalion.— Approximately half of the patients were postmeno- 
pausal. Tlio medication seemed to have no effect on bringing on 
uterine bleeding, or lower abdominal discomfort 

The patients who still menstruated varied enormously in their reac- 
tions to tile same dosage. However, llie age of the patient obviously 
had a determining effect in tlie time lapse of mensbnal cessation. It 
depended on the phase of the menstrual cych, in which tlie hormone 
was administered, as to whetlier or not there would be another men- 
struation. The patient may or may not have one more period before 
she started to skip. The younger the patient, tlie shorter the duration of 
skipping; this in tlie juung meant that hvo to four periods would be 
skipped before returning to normal. There were a very few of the 
younger women who nevgr missed a period; but this is against the 
rule. The nearer the age of the patient to the menopause, the longer 
seemed the duration of skipping. Some skipped os long ns six months; 
a fesv, longer; some never regained their menstnial periods. In other 
words, about the time of the menopause testosterone can be a means 
of effecting a true menopause. 

HirauliBni.— The production of on excess of hair on the face and 
body is a fairly constant reaction to androgen administration. Those 
women with fair soft skin and light complexion produce less of a hair 
growtli. In dark haired and complerioned women, however, the 
growth of hair over the face, lips, chest and legs is sometimes very 
heavy and most embarrassing for the patient Some women shave 
dally; and some use a depilatory. On cessation of androgen adminis- 
tration hirsutism is improved, but in certain instances it persists for 
many months after cessation of administration. 

Voice Changes.— Deepening of the voice associated with huskiness 
characterizes the clianges secondary to androgen administration. This 
change can be produced either by the one massive dose, or is more 
consistently produced by prolonging the administration of the agent. 
The changes are duo to two causes, namely, the thickening of the lin- 
ing membrane of the laryn.x, and a thickening of the thyroid cartilages 
which characterizes the change which takes place at puberty. The 
voice changes persist for many months, although there is Improvement 
which takes place when androgen therapy ceases. Occasionally the 
voice closely approximates that of the male voice. Voice changes take 
place in women at all ages who are under androgen therapy. 

Uhido.— An increase in sexual desire takes place at all ages except 
in those of about 60 years and older. We have seen Increased libido 
in women who are ten years past their menopause. The degree of 
increase varies enormously with the individual. In cases of continued 
administration of the androgen it at times became quite a difficult 
problem to handle. In those who are unable to sleep it becomes neces- 
sary to give fairly heasy sedation, and also to apply a local sedative 
ointment to the clitoric area. 
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Acne.— The acne of the face, chest, back and legs is a less constant 
reaction than the other secondary reactions. It is an accompaniment of 
the hair growth with irritation and secondary infection; such as is 
seen at puberty. In some extreme instances it becomes quite a prob- 
lem. The condition subsides wth the withdrawal of the hormone. 

ACTION OF TESTOSTERONE 

Aside from the above virilizing influences, and improvement in 
general health, testosterone has obviously two influences on cancerous 
breast tissue eitlrer primary or metastatic. These actions are quite 
unpredictable. 

The Direct Effect on Cancerous Tissue.— We know by experience 
that we do obtain regression of the primary tumor and its metas- 
tatic nodules, but unfortunately only rarely. In oiu original presenta- 
tion of case I, Annals of Surgery,- there was a massive diminution of 
the original breast cancer together with the axfllary mass, disease 
udthin supraclavical spaces and nodules over the right scapula and 
upper abdominal wall following testosterone therapy. This was a 
direct effect on cancer tissue. 

Another example of this direct effect is the case of a woman on 
whom I did a radical mastectomy, and who later got metastatic dis- 
ease in the lining of the uterus proven by curettage and microscopic 
study. Thp uterine bleeding was so profound that her hemoglobin was 
at approximately 40 per-cent and she was very weak and sick from 
loss of blood. Her bleeding was rather promptly terminated by placing 
her on testotserone therapy; and she has had no more bleeding since— 
a period of about seven months. Her hemoglobin is back to normal, 
and there has been no obvious progress of her metastatic disease. 

Our studies of the direct affect of testosterone on the indi\idual 
cancer cells will be greatly aided by further improvement in our 
cytological technics. Although we have been making these studies for 
some time, attempting to interpret tlie changes in cell content of 
phosphatase, nucleic acid, steroids and hpase, at least in our experi- 
ence there is still much to be learned; and great improvements to be 
made in the technics before this histological method gives us the aid 
we need to interpret correctly the influence of the hormone on tlie 
individual cell. This method may eventually reveal the mechanism of 
testosterone action. 

Although our group has had no experience with the study of radio- 
active phosphorus on breast cancer, as influenced by testosterone, it is 
obvious that a pursuit of this study might reveal important points 
which may help us inteipret the action of testosterone in the indi- 
wdual cell. 

Indirect Effect on Cancerous Tissue.— In tlie cases metastatic to 
bone, the great improvement exudenced by loss of pain and on x-ray 
Elms may partially be the direct effect on the cancerous lesion in the 
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bone; ho^ve^'e^ the chief improvement seems to come from the 
sclerosis which takes place foUoxWng testosterone therapy, not only in 
the local bone lesion but also in the osseous system as a whole. The 
improvement is due to the lajing do\vn of osteoblasts and the proc- 
esses of bone repair and therefore represents an indirect reaction. 

EFl-'ECT ON .'^lETASTATlC I^SIONS 

Bone MetastoBis; X-Ray Studies of Bone.— As the instances of 
improvement arc much more striking and more common in bone 
metastasis than in soft tissue recurrence or metastasis, it may be of 
interest to study the appearance of bone during and following tes- 
tosterone tlierapy. 

In the average case of metastasis to bone, one notes the areas of 
absorption and destruction as holes in the pelvis, femora, spine, sk*ull, 
humeri, and so on. In the case of the vertebrae, commonly there is a 
cnislilng and diminution in the xWdlh of the vertebrae affected. In a 
study of the bones of a large number of patients ni h bone metastasis, 
one is impressed with the lack of bone salts and density of the entire 
osseous system. Following testosterone therapy, one is again impressed 
with the contrasting new' density of not only tJie destructive single 
lesions, but also the entire bony s>'stcm. It gives one the impression of 
a much more rugged and strong bony s>'stem. 

Case I.—R. C H., mamed, ogod 47, three >*ears before had Imd a radical 
mastectomy which was followed two and one-half years later by widespread 
metXLstasts to thoracic and lombar vertebrae, iielvis and femora. One was Impressed 
'vilh llio appearance of lack of bone salts In the skeletal x-roys. The patient Vk’os 
fully Incapacitated, being bedridden. In December 1946 a course of testosterone 
propionate was begun. Witliln a few weeks iJjc patient was able to do some 
hou5e%vork. Within eight weeks the x-rays showed a remarkable change through- 
out the entire bony system as evidenced by a marled Increase in density of the 
bones and by local repair of the destructive lesions. Today, nine months after 
starting testosterone ihenrjjy, the patient Is in excellent health, is leading her tmial 
life, is camping, canoeing and dandng. Wo have her on a maintenance dose of 60 
mg. of methyl testosterone daily. 

She is an example of the effect of testosterone on the entire skeleton. 

In the local area of destruction one first notes a surrounding zone 
of denser bone. This is followed by a filling in of the area with bone 
salts giving the appearance of callus. Even the bone trabeculae are 
frequently restored and visible. In cases In which there has been 
absorption of the rim of bone sudi as is frequent in the pelvic brim, 
a complete restoration of the original contour may take place. The 
following case ^vlll illustrate this: 

Case IT.— E. married, aged 47, had a radical mastectomy Nvbich was fol- 
Io\\'ed by multiple bone metastasis. X-ray therapy did not control the metnstases, 
nod e*i>^ally painful was the buDcy destmetion of the upper half of the left 
humerus causing much loss of sleep. Testosterone therapy was commenced. Within 
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tliree weeks the pain had left the humerus and the heretofore immobile upper 
arm could now be moved without pain (Fig. 8). Remarkable improvement is 
noted also in the large destructive lesion of the right ihac crest where the contour 
of the pelvis was restored within a three month period (Fig. 9). 



Fig. 8 (Case II).— Left, Left humerus on October 2, 1947 before testosterone 
therapy, showing destruction extending and including head of bone down to the 
lower half. Much of the cortex is destroyed together with massive destruction of the 
medulla. Intense pain on motion. Frachue imminent. Right, July 16, 1947, follow- 
ing testosterone therapy, sho^ving great increase in density of upper half. The head 
and upper third are nearly restored. The cortex is much thicker and denser. No 
pain on motion. 

Although local lesions in bone may undergo complete repair as far 
as one can tell by x-ray studies, unfortimately it is possible— and it 
happens frequently— that some other bony lesion, while under the 
same influence which healed one bone lesion, may continue to in- 
crease and apparently not be influenced as the other lesion was. An 
example of this is Case 4, D. F., Annals of Surgery,- in which the 
only lesion discemable when the patient came to us in March 1945 
was the destruction of the left ala of the sacrum. Under testosterone 
propionate therapy the ala regenerated and again became dense bone 


TESTOSTERONE FOR BREAffT CARCINOMA 


29 


whlcli bore her heavy weight without pain for a period of about one 
and a half years During the latter part of tills bme she developed a 
new small bony lesion in the right pubic bone This lesion developed 



Fig 9 (Cas« II) —Upper, Right pelvis on Mardi 2, 1947 before leslesterono 
fiicrapy, showing massive destruction with loss of contour including the brim. 
Lower, June 16, 1947, three months after testosterone therapy, showing some filling 
in and regeneration of the area of destruction, together r^th restoration of the 
pelvic brim The column at B Is much widened and more dense, and extends to the 
very brim in contrast to upper figure uhere the column Is shorter and mudi 
naiTtmer 

further m spite of testosterone therapy This is a good example of 
both the effectiveness of the ineflfectiveness of testosterone therapy 
The photograph (Fig 10) shows the appearance of this patient in 
perfect general health exactly two years after the start of her testos- 
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terone in March 1945. However, shortly after the ending of the two 
year period she began to deteriorate from multiple bone lesions which 
had not been favorably affected like the original bone area of destruc- 
tion in the sacral ala. 



Fig. 10.— D. F. in March, 1947, showing the general appearance of good healtl) 
exactly two years after testosterone therapy was started for the Incapacitating 
destruction of the left ala of the sacrum. 

Anotlier instance of bone involvement in which the patient has 
sundved for a period of over two years is tlie following: 


Case III.— S. W., married, aged 56, came to me from Kentucky in June 1945 
She had had a left radical mastectomy in June 1943 by Dr. Wm. A Fisher of 
Johns Hopkins. Her last period was seven years ago. She had never been pregnant. 
She was a thin cachectic woman weighing 84 pounds, who complained of pain 
over the thoracic and lumbar spine, and tenderness oyer the entire skull. As she 
was entirely too fU to withstand a course of x-ray tlierapy she was sent home with 
instructions to have her physician telephone me. At the time, the x-ray report was 
the foUoiving: “Films of the skull: There are areas of cancer metastases to the 
vault, varying in size from a few millimeters to one area involving the entire 
frontoparietal region (Fig. 11). Areas of cancer mvolvement of bone are seen 
again at D3, 5, 8 and L3; probably also at the lower margin of the left sacroiliac 
joint; and the glenoid on the left. There are mild compression fractures of tlic 
dorsal vertebrae involved wth sh'ght compression of D8.” 

I instructed her physician to start giving 100 mg. of testosterone propionate 
three times weekly, which he did for a period of nine weeks. The patient devel- 
oped the usual virilizing symptoms of hoarseness of voice and hair on the face. 
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As iho was not within my immediate control, w© did not have a blood cnldura or 
oBcalino phosphatase delerminallon 

I quote from her letter to me three months later ‘‘After lying In bed too weal, 
to mo^•e— dellrioiis sometimes— unable to cat, at long last I started to get better 
after we started the hormone shots From a shadow of myself ( about 60 pounds ) 
I gained 16 pounds in ten daysl In a fe>v weeks I ^va3 doing my housework and 
running In high gearl I sleep well— hove a splendid appetite or>d my weight 
Is about nonnal " 

During tlie two >ear8 since tlie begiimtng of her testosterone therapy many of 
the areas of destruction In the slrull regenerated witli good bone The outer tabic 
of the ik-ull which was destroyed has regenerated (Fig 12) The tenderness due 



Fig 11 Fig 12, 


Fig 11 (Case 111) —Before beginning testosterone therapy, showing the muh 
Uple areas of destruction of the vault, and hontal bone and the complete absence 
of the outer table of Uie right skulk It was painful for the patient to lay her head on 
the pillow due to the tenderness of the scalp over the destroyed outer table of skulk 
Fig 12 (Case HI) —Following first coarse of testosterone therapy (3000 mg ) 
showing a filling In of many of the smaller orcas of destruction of the frontal bone, 
a regeneration and partial fllHng In of the larger areas together with a regeneration 
of the outer table of the skull 

to the slaill destruction was especially bothersome to the patient when she lay her 
liead on a pillow This completely disappeared. On October 2, 1946 there was 
rccalcdflcation of the metastatic area In the left glenoid No new areas of metas- 
tasis are visualized. Conclusions “Cancer metastasis to bone, osteolytic t>T>e, 
showing interval density in some of the areas desoibed “ 

On June 18, 1947, films of the skull, pelvis and lateral spine were obtained, 
*The previously described widespread cancer metxistasls in the skull vault has in- 
creased In the interv'ak The appearance Is mixed productive and destnxetive, the 
latter predominating Prev'Iously described areas of cancer Involvement in the 
vertebrae, vrlth co m press i on fracture, are essentially unaltered in the IntervaL Far- 
ther changes are seen bowev'er In L4 and there has been mild interval extension of 
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cancer metastases in the pelvic area. New areas of metastases have appeared in 
the upper femora particularly in the neck area.” 

During 1948 this patient had a course of testosterone therapy of 50 mg. d^y 
for thirty-one days foUowed by improvement. During the last months of 1946 the 
pain in the spine returned, her weight went down to 81 pounds, and she was in 
bed for eight weeks. Testosterone therapy was again started, the patient receiving 
100 mg. duee times a week for eight w’eeks. The back pain improved and the 
patient gained 17 pounds in weight, reaching 102 pounds. 

This remarkable patient was seen by me in June 1947 (Fig. 13), exactly two 
years after she first came weighing 84 pounds., cachectic and with widespread 






Fig. 13 (Case III ) .—General appearance of good health in the patient in June, 
1947, exactly two years after her first appearance when she came with advanced 
skuU, thoracic and lumbar spine involvement, together with pelvic, femur and 
scapula metastases. 

involvement of bones. In June 1947 she slept well, had a good appetite, weighed 
100 pounds, and was free from pain and full of vivacity and healtli. 

Since this time I have heard rumors that the patient had a “stroke” which 
might possibly be interpreted as the result of an extension from the skull into the 
brain substance. However, I am not sure of the latter facts. 

Had I been able to control this case by frequent observations, instead of the 
patient deciding on the Indications for me^cation, it is possible that there might 
be a different outcome. She would call me only when she felt ill; and there was, 
after the first complete dosage, only intermittent testosterone attacks on the' dis- 
ease. As one looks backward it would seem' that she should have heen placed on a 
maintenance dose which possibly might have held the disease in check more 
consistently. 
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Thu above Iwo cases are remarkable as evidencing that we now 
have an agent capable of prolonging life with the patient in fairly 
good condition for a two year period at least. If we had a more exact 
knowledge of medication witli the hormones, it might be possible to 
further prolong palliation. This information svill eventually come with 
greater experience. 

We have never observed a patient with such widespread metastasis 
who survived two years in such a healthy general condition under 
any other form of tliempy. Metastasis was too widespread for suc- 
cessful therapy by x-rays or radium. 

In this consideration of bone pathology it is of some interest to note 
that, in a case of marked noncancerous osteoporosis with fractured hip 
and ribs, treatment with testosterone propionate resulted in a denser 
bony system within a two month period, accompanied by a gain in 
weight of 10 pounds witliin three weeks. 

In a consideration of the intense pain and disability which accom- 
panies bone metastasis, it is difficult to explain that there can be this 
complete loss of pain following testosterone therapy even when the 
crushing of one or more vertebrae sh'll persists, and when the me- 
chanics of the narrowed vertebrae pressing on the cord or intercostal 
nerves still exists. This, however, reircutodly happens. The relief of 
pain usually commences after nlx)ut two to three weeks of hormone 
medication. 

Soft Tissue Rlotastasis.— We have attempted to describe rather 
fully the changes which take place in bone metastasis. Although vve 
are disappointed at the rarity of improvement in cases of soft tissue 
recurrence and metastasis, tlio occasional case is most striking in its 
improvement. 

Alidominal MctaBlaais.— Results In the following case of metastasis 
from the breast to the abdomen have been most gratifying under 
testosterone Uierapy. 

Case IV.— A. D., mnrrted, aged Al, aimo to me July 31, 1916 rvith a lorge 
lump la tlie right breast and rather bulky rlglit mdllary metnjtascs. She had three 
children. She still menstruated regularly cvxry twenty-eight days. On August 12, 
19i6 0 radical maslcclomy svui dorro. Patltologlcol report was; "InQItmtlng duct 
carcinoma, grade III, metastatic to nodes from tlic base to tlio apex (all levels).” 
This was a rather advanced or bordcrllno case for operation. Tire operation was 
followed by postoperative x-ray therapy over the oxIlJa ond supraclavicular areas. 

On December 5, 1940 the patient's hemoglobin was 71 per cent and sedtraerr- 
tatlon rate 81 per minute; she complained of abdominal discomfort. By February 
2, 1947 there was marked abdomlrral asdtos. She was admitted to Memorial Hos- 
pital for paracentesis. Five liters of blood-tlngcd fluid containing microscopically 
proven cancer ceUs wore removed. After paracentesis ahdorrrlnniis, tender masses 
were palpable within tire abdomen especially In tiro suprapubic region, also a 
20 by IB by 10 cm. pelvic mass. On February 10. 1947 a course of testosterone 
propionate infections was begun. On March 18, 1017, although the had looked 
desperately 111 previously, she was Improved and tliere was less ahdomlital 0uld. 
We were never able to indpale an enlarged Ihvr. During tiro weeks past she had 
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been tapped several times. By April 17, 1947 the patient had gained 7 pounds and 
no fluid was present By May 16, 1947 she had gained 15 founds and no fluid was 
present. She felt well The testosterone injections were terminated on July 24, 
1947, the patient having taken them since February 1947, during which period 
she gained a total of 20 pounds. Her voice is husky. No fluid is present. She was 
started on methyl testosterone, 30 mg. daily. 

If one tries to explain this remarkable case, he might conclude that 
we were deahng with an advanced case of breast cancer metastatic 
to tile peritoneum, in which five months of testosterone therapy had a 
profound effect on peritoneal metastases. As the patient received no 
x-ray therapy over the abdomen, it Would seem that the action of the 
hormone was a direct one on the abdominal cancer cells. 

Chest Metastasis.— We have used testosterone in approximately 
twenty cases of chest metastasis. It has been a disappointing experi- 
ence. With tlie exception of about three, one of which was reported in 
Clinical Endocrinology,’^ there has been httle to encourage us in this 
group of cases of soft tissue metastasis. It is possible that, after lung 
involvement once takes place, tire course is rapidly downhill, and the 
patient may not have enough time to get the proper amount of the 
hormone to be effective. 

Liver Metastasis.— We have also employed testosterone in about 
fifteen cases of fiver metastasis. In three cases the liver seemed to 
diminish in size, but our impressions are stffl somewhat vague as to 
its value in this organ. We are doing routine fiver function and kidney 
frmction tests in all cases of suspected fiver metastasis. In massive fiver 
metastasis, the alkaline phosphatase may go as high as 50 units or 
more per 100 cc. 

In dealing with soft tissue metastasis, the proportion of cases whidi 
ai'e strikingly improved is so small that it places one on his guard 
against too much optimism and inaccurate interpretation. 

mSCELLANEOUS FACTORS 

Dosage.— In our cases at present we are employing 100 mg. of 
testosterone propionate by intramuscular injection three times a week 
for ten weeks, making a total of 3000 mg. Following this, a main- 
tenance dose of 40 to 60 mg. daily of methyl testosterone by moutli 
is given for eight weeks. The proper amount of methyl testosterone to 
maintain amenorrhea is not yet determined but, when it is, we prob- 
ably should keep the patient on this dose indefinitely to inhibit 
estrogen action. 

Vaginal Smears.— In addition to the clinical picture of improve- 
ment which is usually so definite in bone metastasis, frequent studies 
of vaginal smears (Papanicolaou technic), have been found by Dr. 
Mellors of our group to be of inestimable value in guiding us in our 
determinations as to need for further tlierapy. Under the Muence of 
testosterone therapy the vaginal smear soon changes into a basophilic 
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plchire. By a study of the smears one can even determine if the 
patient is actually receiving the hormone. It is a helpful guide in 
studies of the effects of both the estrogen and the androgens. 

Weight.— Under testosterone therapy there is usually a gain in 
rveight. It is due to t\vo causes, namely nitrogen retention and im- 
provement in general health. Most patients feel better while rmder 
testosterone therapy. If they have had loss of sleep from painful 
raetastases the relief from pain may bo. a factor in the weight gain. 

Qicmietry.— Many chemical studies are Indicated in this new field, 
if we arc to arrive quickly at n more exact knowledge than is obtain- 
able by the slower metliod of clinical observation by trial and error. 
Our studies at present in any given case comprise the routine blood 
and urine examinations; calcium, phosphorous and phototase deter- 
minations; liver and kidney function; and in the occasional case, 
determination of the fractionated 17-ketosteroids. We hope soon to 
have a bed for metabolic studies where we can establish the changes 
in protein metabolism, electrolyte equilibrium, nitrogen balance, cre- 
atinine, uric add excretion, blood urea, and the albumin-globulin 
ratio. We hope to further die study by determination of the urinary 
gonadotropic hormones. 

For nearly a >'car we have been making cytochemical studies of 
tissues, both normal and neoplastic, removed from the breast at 
operation. 

We have noted that, during clinical improvement in our cases of 
bone metastasis under androgen therapy, the blood caldum usually 
returned from its abnormal higli of 12 to 15 mg. to Its normal range 
of 8 to 10 mg. per 100 cc.; and ns an evidence of bone repair and 
regeneration the alkaline phosphatase rises from its normal of 3 to 5 
units to, at times, as high as 15 to 17 units per 100 cc. 

SUJIMARY 

1. An abstract of the literature of the clinical use of androgens in 
human breast cancer is Induded. 

2. It Is to be emphasized that the work in the field of androgen 
therapy in cancer of the human breast is so new that we have not 
had opportunity to establish the exact dosage to accomplish the 
palliation desired. We have established, however that heavy dosage 
only, gives palliation which is more than temporary. 

3. We have presented two cases of bone metastoes in which what 
may be considered successful palliation has been obtained for over 
two years. 

4. Aside from the virilizing effects of the androgen, and those rare 
cases with an established high level of blood calcium in which the 
testosterone therapy appeared to contribute to a general malaise and 
sickness, there are no contraindications to the use of testosterone In 
advanced cases of breast cancer. 
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5. On the other hand it is common, in cases with metastasis to 
bone, to obtain under androgen therapy rehef of pain, removal of 
disability, increased appetite, gain in weight, abihty to sleep without 
narcotics, delay in the normal growth processes of metastatic cancer, 
and a feeling of well-being. 

6. In an exact study of a well controlled series of cases of breast 
cancer, it may possibly be proved that a continued regimen of testos- 
terone, sufficient to suppress estrogenic influence, may be indicated. 
This remains to be estabhshed. 

7. The influence of testosterone on growth processes of mammary 
carcinoma is so profound and so striking, even though so frequently 
disappointing, that chnical and metabolic studies should be pursued 
by investigators with the greatest vigor. 
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INFERTILm" OR STERILITY IN TIIE FEMALE 
M. Edwabd Dato, M.D., F.A.C.S." 

The childless family is an important medical and sociological prob- 
lem. Fe^v married women prefer to go through life without offspring. 
Motherhood still has almost universal appeal. It has been estimated 
that somewhere behveen 15 and 20 per cent of our marriages are 
childless involuntarily. These disappointed women trudge from one 
physician to another in the hope that some miracle of science can 
bring them happiness. 

The study of infertilltj' In the female has made great strides in 
recent years. It is possible to determine the cause of a failure of con- 
ception in most cases. Although it is not possible to remedy the defects 
in all instances, at least a third of all sterile couples who are subjected 
to a complete sterility work-up ultimately have children. In fact, the 
sTirious diagnostic procedures necessary to determine the cause for 
tlie lack of fertility are in themselves therapeutic as well as diagnostic. 
Thus, a complete and careful diagnostic survey is of the utmost 
importance. 

How long should a couple try to have a family before it seeks 
medical aid? Althougli the period of infertility is of important prog- 
nostic value, no arbitrars' time can be selected foUowing which the 
couple can consider itself sterile. If a paUent consults a physician svlth 
the complaint of "'failure to conceive” she is entitled to a complete 
sterility study regardless of how long she has tried to have children. 
Much more can be done in young women than in women nearing the 
end of the reproductive years. Rubin has recently suggested that 
couples who use contraceptives should have sterility studies, for many 
of these couples could not have conceived in any event 

Contraception for child spacing does not in Itself decrease the 
fertility of the woman. A good many patients do not desire children 
during the first year or tsvo of married life. They wish to enjoy the 
freedom and newfound happiness unencumbered by responsibilities. 
Perhaps they wish to make their economic position more secure by 
working so that their children may benefit from their increased re- 
sources, Too long a delay in raising a family may well decrease 
fertility. The early twenties are the years of highest fertility. The 
thirties show an increasing decline and tliere is a rapid ebb after 
forty. Thus youth is the best ally of motherhood. 

From the Department of Obstetric* and Gynecology, the University of Chicago 
and the Cliicago Lying-In Hospltah 

• Joseph Bolivar DeLee Professor of Obstetric* and Gynecology, University of 
Chicago School of Medicine; Attending Obstetrician and Gynecologist, Chicago 
Lying-In Hospital arrd Univeriity Clinic*: Attending Obstetrician, AIb«t Merritt 
Billing* Hospital, Chicago. 
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The physician should encourage the examination of the sterile 
couple rather than the examination of the wife. It is still too common 
practice to regard the woman as the sole responsible agent for the 
failure to conceive. Nothing is further from the truth. All statistics 
including ours at the Cliicago Lying-in Hospital indicate ihat, in at 
least one-third of the sterile couples examined, tlie husband is respon- 
sible for the failure of conception. Furthermore, in another third of 
om group the husband is an important contributing factor in the low 
fertility of the couple. The husband can be referred to a urologist, if 
necessary, but no sterility study is complete without a complete 
work-up of both members of the family. 

ORGANIC FACTORS WHICH INFLUENCE FERTILITY 

Congenital Anomalies.— Normal anatomic structures with normal 
physiologic function are necessary for reproduction. Fortunately, por- 
tions of the reproductive organs have been duplicated so that mal- 
formation or disease may destroy certain segments and pregnancy and 
dehvery of a normal infant still be possible. The fallopian tubes, 'the 
uterus and vagina are all formed embryologically by a fusion of the 
miillerian ducts. The uppermost portion of these ducts do not fuse, 
allowing for the formation of two fallopian tubes, the middle segments 
merge to produce the entire uterus and the lowermost portion the 
vagina. Numerous variations from the normal pattern are foimd and 
they represent a lack of iiormal embryologic development. The uterus 
may be arcuate in cliaracter; the corpus may consist of two separate 
horns, bicomate; or there may be a complete lack of fusion of the 
muUerian ducts at this level, resulting in tw^o complete uteri (Fig. 14). 
This failure of embryologic fusion may extend their entire lengths, 
giving rise to two vaginal lumens as well, and a complete duplication 
of the reproductive tract will result. These congenital anomahes influ- 
ence fertihty to some degree but they cause sterility rarely. There are 
unusual instances in which one segment of the reproductive traet has 
failed to develop, thereby interfering with continuity of the passage- 
way. There may be a complete absence of the vagina, the utems, or 
both. These major defects make pregnancy impossible. 

Infection.— Disease may alter Ae noimd state of the reproductive 
organs and interfere with normal fertility. Infection is the most com- 
mon and the most serious complication. The infection may be 
gonorrheal in origin or it may be the result of an abortion; more rarely 
it may follow childbirth. Tliese infections involve the fallopian tubes, 
interfering wth the patency of their lumens and grossly altering tubal 
function, so that the oviduct is no longer suitable for transport of the 
fertilized ovum. Infections of the fallopian tubes involve both struc- 
tures most often. The residual damage varies with the virulence of 
the organism and the resistance of the tissues. 
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In about 5 to 10 per cent of infections of the upper genital tract 
tubercle bacilli are the causative agents. Tuberculosis of the genital 
organs most often in\olves the fallopian tubes and the endometrium 
of tho uterus, and the disease is usually secondar}' to some focus else- 
where, such as the lungs or the peritoneal ca\ily. Fertility is almost 
iiumiably destroyed. 

Infections of the lower genital tract such as trichomoniasis, raonlHa 
vaginitis, and nonspecific infections are no barrier to conception but 
they may reduce fertility. Thus, an endoccrvdcitis is likely to alter the 



Fig, 14.— A saJpIogograpli showing a complete lack of fusion of the miillcrian ducts 
and tho uterus completely duplicated 

character of the cen'ical muctis to such an extent as to Interfere xvith 
the normal passage of spermatozoa through this zone. Pus cells in the 
mucus are inimical to the sui^’h'al of spermatozoa. 

Neoplasms,— Neoplasms of the reproductive organs may reduce 
fertility but they cause sterility rarely. Fibroid tumors of the uterus 
ore a common complication in many women who seek medical aid for 
sterility. The relationship between fibroid tumors and infertility is not 
understood clearly. It is not likely that the tumors in themselves inter- 
fere with fertility seriously. It is more likely some predisposing cause 
is responsible for the reduced fertility and the neoplasms. Fibroid 
tumors are ver>' much more common in women who have never had 
children than in women who have had families. 

Ovarian Tumor*.— Ch'arian cysts and ue%v gro\%ihs do not interfere 
with fertility except in the rare instances in which they produce hor- 
monal substances. The small cysts which are the re^t of ovarian 
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malfunction need treatment rarely for they may be transitory and 
slowly disappear. True neoplasms should be removed because of the 
hazard of malignancy. 

Uterine Retrodisplacements.— The normalcy of the reproductive 
organs includes their lelationship to one another. Any distortion in this 
relationship may theoretically reduce the fertihty of the individual. 
Malpositions of the uterus have been indicted as barriers to concep- 
tion. In most instances the position of the uterus is of no great im- 
portance. Adherent retrodisplacements of the uterus, particularly if 
these are associated with retrodisplacements of the adne.xa, may inter- 


cut Section of Uteroa, 
Tube and Ovary 



Ovulation 

As follicle ruptures 
ovum is transported 
Into tube , \uhere it 
travels slowly upward 
(^Indicated by arrows^ 




Fig. 15.— (For legend see facing page.) 


fere with the normal passage of spermatozoa upwards to meet the 
ovirm in the fallopian tube. It is true that many chnicians have re- 
placed a uteims temporarily by means of a pessary or more perma- 
nently by surgery and the patient has conceived rather promptly. 
However, it is equally true that in about 15 per cent of normally 
fertile women the uterus remains in a retrodisplaced position. 


PHYSIOLOGY OF THE REPRODUCTIVE ORGANS 

The structure of the reproductive organs may be normal, but they 
must function normally if conception and normal pregnancy are to 
occur. The ovary must produce ripe follicles with mature eggs at 
periodic intervals. The follicle must rupture and discharge the mature 
ovum. The ovum must find its way into the fallopian tube by an 
ingem’ous mechanism developed for its reception and transport down 
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Fiff. 15 (Conf/nued).— Dlogrammatlo iDortration of ovulation, fertilization and 
the transixrrtntion of the fertilized ovum into the uterus where implantation takes 
place. 

the tube. Fertilization occurs in the tube following which the peristal- 
tic action of the muscular wall moves tlie fertilized ovum into the 
uterine cavity. The endometrium in the uterus has reached a state of 
development suitable for the attachment and implantation of the small 
vesicle by the time It has entered the uterine cavity. 
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.The cyclical changes in the ovary and the uterus which make fer- 
liilty possible are controlled by the glands of internal secretion. Under 
the influence of a hormone elaborated by the anterior lobe of the 
pituitar)^ gland, folhcle-stimulating gonadotrophin, primary follicles in 
the ovary develop and their ova mature. Periodically, about once a 
month in most women, under the stimulus of a second hormone from 
the anterior lobe of the hypophysis, luteinizing gonadotrophin, one 
and rarely two or more folhcles are stimulated to a sudden spurt of 
growth. The ovum rapidly matures and the follicle ruptures, allowing 
the ovum to escape. This phenomenon is known as ovulation. Tlie 
escaped o\nim finds its way into tlie fallopian tube as a result of local 
currents, ciliary action or peristaltic activity of the tubal musculature. 
The ovum must be fertihzed promptly, for it is not capable of fertiliza- 
tion after twelve to twenty-four hours. 

Coitus must take place witliin twenty-four to thirty-six hours of 
ovulation. The hves of spermatozoa are longer than that of the ovum, 
and they, too, perish rapidly. The vaginal secretions are acid and 
usually destroy the spermatozoa in the vaginal lumen in three or four 
hours. The cer\'ical mucus is liighly favorable to the survival of tlie 
sperm cells. Nonnally, its consistency changes about the time of ovula- 
tion so that it becomes less wscid and more penetrable. This change in 
tlie character of tlie cervical mucus is an important feature of the 
reproductive cycle and is brought about by one of the ovarian hor- 
mones, progesterone. The cendcal canal provides a haven for the 
spermatozoa from which they can travel upwards to meet the ovum in 
the fallopian tube. Disease of the endocervix is an important barrier 
to conception (Fig. 15). 

The changes in the endometrium necessary for the reception and 
implantation of the fertilized ovum are under the control of tlie 
oyarian hormones. The developing graffian follicle in the ovary ])ro- 
dpces estrogenic hormone. This substance provokes the growth of the 
endometrium so that, about tlie time o\Tilation occurs, it has increased 
in thickness several times. The rapid maturation of the follicle, its 
rupture and tlie release of the omm provide the second of the ovarian 
hormones, progesterone. The collapsed wall of the follicle undergoes 
rapid proliferation, and shortly a full-blown corpus luteum develops. 
The corpus luteum provides estrogens as well as progesterone. Under 
their combined influence the endometiium changes into the progesta- 
tional state suitable for implantation. The glands become tortuous and 
full of secretion rich in glycogen. The stroma cells swell up and take 
on decidual characteristics. Increased vascularity prowdes for the 
marked actixnty of all the components of the mucosa (Fig. 16). 

Progesterone has been called the pregnancy hormone for it is pri- 
marily concerned unth reproduction. It uall continue to exercise a vital 
role throughout the gestation, although the placenta ultimately takes 



iNFETmun on stemuty in the female 


43 


PiTUITAfff 




Fig 10 —The diagram shows the endocrine relntloruhip and endometrial growth 
changes In an average 28 day menstrual cycle Under the influence of the follicle- 
stimulating hormone (F S H ) from the pituitary tho folUclo grog's and tlio ovum 
matures The Introduction of the second piluHaiy gonadotrophin, the luteinizing 
hormone (L 11 ), results In tho rupture of the ripo follicle and the convraion of its 
^vaH Into tho corpus loleum 

The lo\ver part of the figure represents the endometrial changes Under the influ- 
ence of the estrogenic hormone produced by the folUde the endometrium grows in 
thideness Folkrwlng ovulation the second oxTirian hormone, progesterone, produced 
by the corpus hiteum converts the endometrium Into progestational phase so that 
Implantation of the fertilized ovum can taio place, (Markce, Progress in Gynecol- 
ogy, Grunc & Stratton, ) 


over the production of this important substance from tho corpus 
luteum. 
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In the event that the ovum is not fertihzed, the preparation of the 
endometrium is ^mnecessa^J^ The corpus luteum undergoes rapid 
retrogression. Progesterone production ceases, and the di’op in the 
level of this hormone probably brings on menstruation. The menses 
are a destructive phenomenon designed to remove the unnecessary 
highly developed lining of tlie uterus. 

This brief description of tlie function of the reproductive organs 
emphasizes the intricate mechanism involved in the normal fertihty 
of the individual. The proper function of tlie glands of internal secre- 
tion as weU as normal reproductive organs are necessary. Reproduc- 
tion is dependent on a carefully timed mechanism recurring cychcally. 
Any abnormality in structure or function of tlie reproductive organs 
decreases the fertility or results in sterility'. 


STERIUTY STUDY 

Our sterility studies consist in evaluating organically and function- 
ally the normalcy of the reproductive organs and their regulatory 
endocrine glands. Examination may uncover a condition which makes 
childbearing impossible or it may reveal a number of factors which 
tend to decrease the fertility of tlie individual. Often there are findings 
in both the male and female which combine to decrease the level of 
erU fiy of the couple below the threshold necessary for conception. 
Successful treatment will depend on correcting as many factors as 
possible which decrease the fertihty of the husband and' wife. 

HiBto^.-A careful history may reveal pertinent information con- 
cerning the inability of the patient to conceive. Delayed puberty and 
.idole^ence may be tadioaave of ovarian failure. AbnomialiHes in flie 

! tlw ovary and its regulatory 

glands of mtemal secretion as important factors. A history of pelvic 

abortion may throw light on tlie cause of tubal 
lumen^’ n alterations in tlie tubes, obstructions in their 

or Th" results of previous .examinations 

m d cd cLnS^f A history of important 
rcans The rpiTi status of the pelvic 

when thev have in all kinds, particularly 

order to determine '•f pehis, should be carefully explored in 

or grossly aS^^ or portions of them have been removed- 

secondary sterility may^she7hghf on fte in patients with 

to point out that a nav-lf 1 n- . °° the present situation. It is well 

in a complete 'sterihty study! husband is equally important 

a cornplete medicar^'^^’-fT^^fnP^^*!^^^ examination should include 
important to hmiw 

bearing may be contiainrPr. f n . ^^l^^art disease \vith which child- 

IrnindiLo^ ic -“r « likewise a con- 

pregnancy until such time as the process has been 
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arrested PeKic inflammatory disease of unknown etiology may be 
identified as tuberculous in ongin if some active focus outside the 
pelvis is discovered 

A careful peh ic examination will reveal deviations from the normal 
as well ns evidences of disease. The cliaracter of the development of 
the external genitaUa and the general physical habitus will throw light 
on the development of the reproducUie organs Esidences of pelvic 
infection may be apparent in the periurethral glands, Barthohn’s 
glands or the urethra 

The cervix as an important part of the reproductive mechamsm de 
serves siieclal study Note its locabon, shape, character of the ex emal 
os and patency of the lumen Erosions, lacerations, endocervicdtis and 
strictures of the lumen may provide barriers to conception The cer 
vlcal mucus should be studied for consistency, the presence of pus 
cells and bacteria 

The corpus should be palpated, and its posihon, size, symmetry and 
mobility noted The normal uterus may be retroverted, but it should 
bo freely movable A cervix tliat points toward the symphysis is 
usually found when the corpus is retrodlsplaced It is doubtful if the 
cul-de-sac pool of seminal fluid into whicli tlio cervix dips is a neces- 
sary accompaniment of high fertility It is more than likel) that the 
spermatozoa that could fertllze the ovum gain access to the cervical 
mucus directly during intercourse 

Normal adnexa are rarely palpated except m thin women Enlarged, 
adherent and tender adnexa are the result of pelvic inflammation 
They may restrict the free movement of the uterus and thereby be- 
come evident Enlargements of the ovary ns a result of cys's or 
neoplasms can be palpated adjacent to the uterus 

Hysterosalplngography.— Pelvic examination is the first step m an 
evaluation of the normalcy of the pelvic organs in the same way' that 
an abdominal examination should precede the roentgenologic visual! 
zatlon of the gastrointestiaal tract Rubio's classic contribution in dem 
onstrating patency of the reproductive tract opened a new chapter in 
the study of the sterility patient He reasoned that for the sperma- 
tozoon to meet the ovum there must be a continuous passageway from 
the vagina into the peritoneal cavity This continuity could be estab- 
lished by the passage of air or a gas through the cervix, uterus and 
fallopian tubes into the pentoneal cavity Since this initial develop- 
ment opaque substances liave been us^ in order to visualize the 
pelvic organs as well as to establish their patency Both procedures, 
the use of a gas and roentgenological visualization, have their place 
in sterility studies and complement one another At the initial ex 
amination it is desirable to use contrast medium to visualize the 
reproductive organs fluoroscopically and by means of x-rays to estab- 
lish their condition and provide a permanent record Subsequent 
examinations for patency should probably be limited to tbe passage 
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of gas through the tubes. Most contrast medias that are used are not 
absorbable, and repeated injections may produce tissue irritation. 

Visualization of the reproductive organs and establishing the pat- 
ency of the tubes can best be carried out the first few days after a 
menstrual period. It is well to inject the opaque medium under fluoro- 
scopic control so that the fiUing of the uterus, the flow into the tubes 
and the spiU can be seen. The cannula should be connected to a 
manometer so that the pressure under which the oil enters the uterus 
can be controlled accurately, and limited to 250 mm. mercury. Greater 
pressures are not safe. Roentgenograms should be taken as soon as 
the tubes are visuaflzed, before too much spill has occurred. There 
are excellent mechanical devices by which air and contrast media can 
be injected under carefully controlled conditions; The Gynogauge 
can be used and a kymographic record of tubal activity obtained 
following which contrast media may be used to visualize the repro- 
ductive organs. On the completion of the examination the patient 
should rest for a short time, following which she can return home. 
She returns the next day for a second filming to' provide more evi- 
dence of tubal patency. 

The visualization of the reproductive organs can be carried out with 
httle risk if patients are selected properly. Recent pelvic inflammatory 
disease is a distinct contraindication to the procedure. Endocervical 
infections an<T.infections of the lower genital tract should be elimi- 
nated prior to any attempts at salpingography. Care should be exer- 
cised to prevent the introduction of infection from the outside as well 
as lighting up an existing latent infection. Oil may be injected into 
the veins in the wall of the uterus. If a network of vessels appear 
fluoroscopically, no more oil should be injected. There is httle danger 
of oil emboh because of the limited amount which will escape into 
the circulation. The appearance of oil in vessels along the fallopian 
tubes may lead to an error in the interpretation of the hystero- 
salpingograph. 

If salpingography is carried out with care, the uterine cavity is beau- 
tifully visualized. The size and the symmetry of the uterus may be 
apparent as weU as its position in the pelvis. Opacities in the uterine 
shadow may be produced by neoplasms or polyps. Wlien the fal- 
lopian tubes are visible, much information can be obtained concerning 
their normalcy. They may be elongated, adherent to pelvic structures 
or grossly enlarged. The lumen may vary in size and regularity instead 
of slowly increasing in diameter from cornua to ostium. The tubal 
lumen may not fill ftroughout its length, indicative of blockade at the 
cornua, or the entire tube may fill but no spiU occur from the ostium. 
Hydrosalpinx formation may be e^ddent in th$ droplet formation of 
the retained oil. The twenty-four hour plates should show a charac- 
teristic smear of the oil among the pelvic viscera if the tubes are 
patent. Restricted smearing or pocketed accumulations of oil are 
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indicative of localized ndJiesions Tuberculosis of tlje lubes may pro- 
duce very long tortuous structures which may be partially patent. 



B 


Fig. 17.— A, Normal hyslcrosalplngogniph. Tho uterine cavity and both fal- 
lopian tubes ore completely Dllod and normal in appearance. Sphincter-like |trac- 
tures at cornual ends of tul^ are visualized clearly. B, RoentgeDOgrara of the same 
patient 24 hour* after tho injection of opaque oil Noto the characteristic spread of 
the contrast medium among pelWc cavity viscera Indicative of tubal patency. 

Marked irregularities of the lumens arc common with stricture forma- 
tion. Calcified concretions arc often soon. If both tubes fall to visualize 




Fig. 18.— A, Normal visualization of the uterine cavity and the left fallopian 
tube. The other tube is not visualized because of blockade in the cornual region 
B, Characteristic spread of the contrast medium among pelvic viscera indicative of 
tubal patenci’. 
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witlx the uterus in marked retroversion, the examination should be 
repeated at a later time before tubal blockade is diagnosed (Figs. 17 
to 20). 

The Study of Ovarian Function.— Wien the state of the repro- 
ductive organs has been evaluated, the next step is to determine if 
they function normally. It is important to study ovarian activity first, 
because a mature ovum must be produced periodically for normal fer- 
tility. IndiWduals who menstruate regularly usually ovulate regularly. 
There may be periods during which ovmlation is suppresed, but this 
does not occur often in the woman who has a normal menstrual pat- 
tern. However, if the periods are irregular, of veiy' short duration or 
the flow scant in amount, ovulation may or may not occur at regular 
Intervals. 



The occurrence of ovulation can be demonstrated in several ways. 

Endometrial Biopsy.— In the first place one may obtain a small 
biopsy of tlie endometrium at the onset of bleeding and a histologic 
study of this biopsy will reveal what has occurred in the ovary during 
the current cycle. ‘The endometrium mirrors ovarian activity, for under 
the influence of the developing follicle and the estrogen It produces 
the uterine mucosa grows rapidly. However, with the rupture of the 
mature follicle and the release of the ovum, the lutein cells of the 
developing corpus luteum produce progesterone and under its influ- 
ence ‘the endometrium changes into the progestational phase with 
tortuous secretory glands and decidua-like stroma cells. At the onset 
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Fig. 20.— A, The utenne cawty and fallopian tubes are visualized but 4ere is n 
marked dilatation of the distal ends of tlie tubes ivith hydrosalpuix formation. No e 
the droplet formation produced by oil mixed with fluid and indicative of a hydro- 
salpimc formation or walled-off fluid. B, Roentgenogram taken 24 hours later show- 
ing the droplet formation and the absence of a characteristic smear. 
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of menstruation tliis secretory phase of the endometrium has readied 
its greatest development Obviously, if the biopsy at this time shows 
no evidence of progestational development, ovulation did not occur in 
the current cydo and the bleeding is anovulatorj’ in charaeter. Biopsies 
of the endometrium can be taken in the office by a small punch 
forceps or a suction curet, and the procedure may be repeated many 
times. 

Progesterone Metabolism.— Tho occurrence of ovulation in the cyde 
can be established by a study of the progesterone metabolism. This 
hormone produced by the ovarian follicle after its rupture is converted 
to pregnandiol and is eliminated in the lu-ino os pregnandiol glu- 
curonidate. Chemical methods are available for its quantitative deter- 
mination. Prior to onjlation little of this substance is present in tlie 
urine. Following oimlalion as much ns 5 to 10 mg. can be obtained 
daily. Tlie quantitative esUmation of tlie amount of pregnandiol glu- 
curonidate in the urine for forty-eight or seventy-two hours will estab- 
lish the presence of an active corpus lutcum and mmlation. 

Both of these methods ore laborious and provide indirect evidence 
at best. Furthermore, they provide information about ovulation some 
time after it has occurred. Most recently a physiologic phenomenon 
has been adapted to denote osTiladon. Its simpheity has provided us 
with a most useful tool in the study of sterility. 

Body Temperature Records.— Body tcmperatiuo variations occur in 
healthy indlidduhls young and old. The temperature is a sensitive 
barometer of physical, mental and physiologio activity. Muscular 
activity, mentaJ excitement, food taking and extraneous stimuli will 
tend to raise the lev'el of the body temperature. Best and sleep will 
tend to lower it Normally, tlie temperature curve over a twenty-four 
hour period will tend to be elevated during the day and lowered at 
night This diurnal pattern is due to the fact that the days are devoted 
to activity and the nights to rest. 

In the healthy male the characlerisbc curx'e will be present day 
after day. In the female, however, ovarian actliity influences the basal 
hpdy temperature. Follicle rupture and corpus luteum formation tend 
to raise the temperature so that the curve is at a higher level the latter 
half of the cycle than during tlie first half. This physiologic phenom- 
enon has been adapted to die study of fertility, endocrine problems 
and as a means of birth control. 

The patient is asked to indicate on a specially prepared graph the 
menstrual days, any unusual occurrence, illness, coitus and special 
medication. She should buy a good thermometer, the scale of which is 
easy to read. Immediately on awakening in the morning before stir- 
ring from bed and before smoking, drinl^g or eating she should place 
the thermometer in her mouth for five minutes and promptly read and 
necord the temperature by placing a dot opposite the proper date. Any 
unusual occurrence should be noted opposite this recorded dot. These 
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daily oral temperature readings will provide the curve from which 
ovarian fimction can be interpreted. 



twelfth day after the beginning of menstruation when it suddenly began to rise, 
reaching the plateau on the thirteenth day. It remained elevated imtil day twenty- 
five when it began to drop, followed by menstruation 36 horns later. The rise in 
temperature is indicative of the rupture of a mature follicle in the ovary, the dis- 
charge of the ripe egg, and the formation of a corpus luteum. 

In October, no drop in temperature occurred. The continued elevation indicated 
that the egg had become fertilized and that the patient was pregnant. 

The basal temperature is at a low level dming menstruation and 
dmnng the preo\mlatory period. It may be as low as 97° F. but usually 
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it varies between 97.4° and 97.8° F. During the hventy-four hour 
period when ovnilarion occurs the temperahHe rises abruptly, reaching 
a level 0.6° or 1.0° above the low point, follo\ving which it \vill remain 
elevated. About hventy-four to thirty-six hours prior to the onset of 
active menstruation an abrupt drop will occur. Some investigators 
have noted a small drop of tho temperature just prior to the ormlatory 
rise and have interpreted this point ns the ormlatory period. This may 
be so, but the rise in the temperature and its maintenance at the post- 
os’ulatorj’ level is due to progesterone. The period of the temperature 
change is the fertile period when conception can tnlce place. Should 
pregnancy ensue no premenstrual drop occurs, the temperature re- 
maining elevated (Fig. 21). 

An accurate temperature record over a period of se\ eral months will 
provide evidence concerning ovuLition in most women. Furthermore, 
it provides the patient with knowledge about her fertile period. The 
phj'sician will obtain pertinent information concerning the menstrual 
pattern, the sex life of the couple, medication and her daily routine, 
and he will be able to offer intdllgcnt advice. 

Thyroid Function.— The thyroid gland is intimately associated 
with the glands of internal secreh'on which control the reproductive 
organs. Tho gonadotrophic function of the pituitary gland is depend- 
ent on normal thyroid activity. A basal metabohe determination 
should be part of every sterilit)' study. 

THERAPY 

The treatment of infertility depends primarily on a careful evalua- 
tion of the anatomic and physiologic factors which enter into the 
function of reproduction. Complete sterility' investigation of the hus- 
band and ivife is the major part of therapy. In more t han one-third of 
the couples investigated a feiv simple suggestions suffice to obtain the 
desired results. In a smaller group continued observation and treat- 
ment are necessary. At least one-third of the couples examined have 
unsurmountable obstacles to conception which only the relentless 
march of scientific progress will ultimately remove. 

The Patient with Normal Reproductive Organ8.-About one of 
every three women examined has reproductive organs that are within 
normal limits, anatomically and functionally. Her husband is found to 
be of average fertility. This couple is instructed to study the fertile 
periods as indicated by the temperature graph and to time coitus to 
the periods of optimal fertility, during the period of temperature shift. 

If coitus has taken place at too frequent intervals, or if tho study of 
the husband Indicates that he is of low fertility, it is desirable to 
•■nstrict intercourse to the period of fertility indicated on the tempera-, 
hire graph. The short life of the ovum and the spermatozoon makes 
it necessary to restrict fertile matings to a very short period of the 
average cyde. Such simple advice has yielded many happy results. 
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If the patient has a low basal rate, thyroid extract may be pre- 
scribed. We have used the following empiric therapy: one grain of 
thyroid extract dady for every — 10 of the basal rate, i.e., —10 or 
less, one grain daily; —10 to —20, two grains daily, etc. The couple 
should be urged to spend much time in the open, exercise intelli- 
gently, eat an adequate balanced diet and refrain from worry. A high 
percentage of the women of this group wiU return within six monfhs 
hawng missed a period, their temperatme curves remaining at a high 
level (Fig. 21), and pregnant. 

The Patient mth Partial Barriers to Conception.— The second 
group of couples seeking rehef of sterihty have many factors which 
decrease tlie level of fertility but they are not necessarily permanently 
sterile. Some of these women are married to husbands of low fertility. 
Sperm counts in the range of fifty milHon associated with a high inci- 
dence of abnormal forms are an index of low fertihty. Everything 
should be done to improve fertility in the male. 

Many clim’cal findings may not be absolute barriers to conception 
but they may impede it and decrease the level of fertility. All of the 
factors which can be corrected should be treated. The physician must 
evaluate carefully the risk involved in the correction of some condition 
present and the importance that its presence plays in the inability of 
the patient to conceive. Thus, infections of the lower genital tract 
should be eradicated. An endocervicitis or an erosion of the cervi? 
should be cleaned up bj’’ means of the cautery. Deep-seated infections 
of the glands of the endocervix with the formation of a pin-point os 
and the accumulation of a thick, glary, infected mucus plug may have 
to be treated by conization. Nevertheless, few patients who have had 
expensive conization procedures conceive. Possibly, the removal of a 
large portion of the endocer\dcal mucosa interferes \vith normal mucus 
secretion and the transport of spermatozoa into the fallopian tubes. 

Malpositions of the uterus not associated wth inflammation and 
fixation of the structures rarely decrease fertility. No serious harm can 
come from the manual replacement of the uterus in an anterior posi- 
tion and its maintenance in this more common position by a suitable 
Smith-Hodge pessary. Postural exercises may accomplish the same 
thing, xvith or without the aid of a pessary. Smgical correction of 
retrodisplacements should be recommended rarely for the simple pur- 
pose of altering the relationship of the uterus in the pelvis. When 
other surgery is indicated anterior uterine suspension may be earned 
out at the same time. 

Neoplasms of the uterus are found frequently in women who cannot 
conceive. However, it can be said rarely that the tumors are the cause 
of the lack of fertility. Women Avith sizable tumors get pregnant \vith- 
out difiBculty. However, at times the surgical removal of several tumors 
in a woman who has not been able to conceive fpr many years is 
promptly followed by a pregnancy. In the last year Victor Bonney in 
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England and Rubin in tins countr)' have stressed the value of remov- 
ing fibroid tumors in childless women. One should bo certain the fal- 
lopian tubes are normal and patent, that the patient is fairly young 
(less than 35) and that she has normal ovarian funch'on. Furthermore, 
one cannot ahva)’S promise to remove the tumors and leave a uterus 
sufficiently intact to allow childbearing. 

The endocrine deficiencies arc much more difficult to correct than 
are the organic defects. Ovarian failure in mild degrees can be im- 
proved by a regimen of proper h'ving, diet, weiglit reduction in those 
overweight and th)Toid e.Ttract where indicated. Serious degrees of 
ovarian failure svith scant or irregular menses, an absence of men- 
struaUon and a lack of ovulation are treated very unsatisfactorily. 
True, every hormonal preparation has been recommended. Some good 
results have been reported but none has stood the test of e.yperience 
and scientific investigation. The treatment of ovarian failure Kill have 
to wait upon the development of a gonadotrophic principle from the 
hypophj'sis sufficiently potent to produce follicle growth, maturation 
and ovulation in the human ovary. No sucli preparation is available 
commercially today. 

The Patient udth Absolute Barriers to Conception.— The third 
group of couples studied for sterility have insuperable factors which 
make childbearing impossible. Tlic most common finding in women is 
tubal blockade as a result of preedsting pelvic infection. Where both 
fallopian tubes are closed, pregnancy is not possible. Tlie tubal closure 
can be present at the cornua and neither tube rvill be visualized or at 
the ostium with minor or gross malformab'ons of the tube. If after 
repented examination the tubes are definitely closed, the patient should 
be told that pregnancy is most unlikely. She should be urged to con- 
sider adoption or, in suitable cases, salpingostomy. The reconstruction 
of closed fallopian tubes has been more successful of late. Newer sur- 
gical approaches svill provide better results. One must remember that 
restoring tubal patency is not synonymous ivith increased fertility, for 
the mucosal lining of the tube may have been so altered by infection 
and healing that it is no longer suitable for the transport of the ovum 
and spermatozoa. 

The second most common cause for permanent sterility is an absence 
of spermatozoa in the seminal fluid, or so few tliat tho husband can be 
conridered sterile. Urologists have little to offer these individuals. In 
a few where a blockade is present, delicate operations have been de- 
vised which may offer some success. Much work remains to be done 
on male Infertility. Patients who are married to husbands who are 
sterile should be told that pregnnncj' is unlikely and that three courses 
are open to them. In the first place, they may so arrange their lives 
that other interests take the place of clilldren. Many couples can make 
the necessary adjustments if the phj'sician is frank ivlth them. Their 
second choice is to consider the adoption of one or tsvo babies. Imsily, 
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they can consider artificial insemination with donor sperm. More and 
more childless couples in which the husband is at fault look with favor 
on this last possibility, for artificial inseminatiou offers tliem an off- 
spring who has the genetic quafities of the wife plus whatever values 
may accrue from the environmental factors of its first nine months of 
intrauterine life. Where the husband and wife choose this approach to 
a family the physician should carry out the necessary procedures, or 
better still, he should refer the couple to some individual who has the 
facilities for such specialized work. 

Other causes for permanent sterility may be found. Ovarian failure 
with complete absence of menstruation and ovulation is usually a 
permanent barrier to childbearing. Major malformations such as the 
absence of the vagina or uterus are occasionally found. Women consult 
physicians for the relief of sterility after operative procedures which 
entailed the removal of the fallopian tubes. Little can be offered these 
patients for there are no good methods by which the ovum can be 
directed into the uterine cavity in the absence of a fallopian tube. 
These women, after a complete study, should be told about their state 
as regards childbearing so that they may reorient their lives and not 
waste time and money on fruitless medical efforts. 



mREGULARITIES OF UTERnVE BLEEDING AND 
THEIR TREATSIENT 

E. C. Hamblen, M.D., F.A.C.S.'’ 

What Nature has established as average menstrual chronology is re- 
garded too commonly as a norm for health and for fertility. Inflexible 
rhythmicity or imiform fertility does not characterize the cycles of any 
normal uuman. A woman may menstruate only two or three times a 
year and yet she may be healtliy and able to conceive. Irregular bleed- 
ing, on the other hand, may be a symptom of organic, endocrine or 
local disease or it may result from funcOonal disturbances of the 
ovaries or the endometrium. It is therefore necessary to differentiate 
vagaries of normal function from clinically significant abnormabties of 
uterine bleeding. Unless diis is done, treatment is solely symptomatic, 
is often unnecessary, and is alwaj's founded upon the objectives of 
securing menstrual calendars wlucb conform to the average concept 
of normality. 

CENEIIAL CONSIDERATION 

The term "menstrual Irregulorib'es" was avoided in the title of tliis 
discussion for the purpose of emphasizing that, whereas some irregu- 
larities concern only chronology and do not involve the quality of 
ovarian function and are truly menstrual irregularities, irregularities in 
general may embrace disturbed chronology, qualitative alterations of 
function, and alterations in bleeding. 

Irregularities vary according to their effects upon the ovarian c^-cle: 

{ 1 ) The nonbleeding, or interval, phase may be altered. ( 2 ) The phase 
of bleeding may be changed. (3) Tlie cycle may be absent— amenor- 
rhea. 

Irregularities of the interval phase arc of two tj-pes: (1) There is 
distobed chronology which involves the preovulatory or estrogen 
phase svithout distiubing the progestational phase, the result being 
eventual ovulation and progestationnl or menstrual bleeding. (2) The 
quality of ovarian function is altered with the result that there may be 
ovidation followed by deficient progestational activity, or mulatlon 
may not occiu- and the subsequent bleeding is estrogenic in type, or 
there may be reduced estrogen secretion, that is, hypoestrogenlsm, ter- 
minated by bleeding from poorly proliferated or hypoestrogenic en- 
dometriums. 

Irregularities of the bleeding phase may be of three types; (1) The 
dmatlon may be altered. (2) The amount of blood loss may be 
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changed. (3) Bleeding may occur from progestational or from prohf- 
erative or estrogenic endometriums. 

Amenorrhea may be of three types: (1) It may be physiologic, re- 
sulting from immatmrity (preadolescence) or from senihty (postmeno- 
pausal ) . ( 2 ) It may be initial and be characterized by hypopubescence 
or apubescence. ( 3 ) It may be intercurrent, developing during the re- 
productive epoch. 

These irregularities may assume cbnical significance for the follow- 
ing reasons: (I) They may result in depleting uterine .hemorrhages. 

(2) They may be associated with undesired impairment of fertihty. 

(3) They may be associated with psychosomatic disturbances. (4) 
They may be symptoms of organic or endocrine disease or of local in- 
volvement. 

THE GYNECOLOGIC INVESTIGATION 

Abnormal bleeding is a symptom to be investigated and evaluated 
rather than a disease which requires empiric treatment. Most women, 
whose cycles are fairly rhythmic and whose flowing is not excessive, 
have quahtatively normal ovarian function. Many women, whose cycles 
are irregular and whose floAving is excessive, have qualitatively abnor- 
mal ovarian fimction. These generalizations, however, are not appli- . 
cable to the individual. 

A “functional disturbance” should not be predicated or diagnosed 
save when inclusive objective studies have not identified organic dis- 
ease or local pathologic change. Age and marital status of a patient 
often suggests etiologic probabilities. Irregular bleeding during adoles- 
cence usually is functional, often physiologic, and less commonly en- 
docrinal. During the early years of marriage, gestational complications 
and gynecologic infections are common causes. During the latter part 
of the reproductive epoch, neoplasia should be suspected and ruled 
out, although functional disturbances are common. During the cli- 
macteric, there are physiologic functional disturbances, which should 
be segregated from those due to intercunent disease, particularly neo- 
plasia. Indeed, the quahty of the ovarian function of essentially cyclic 
women should be investigated when they are unable to conceive, and 
especially when other sterility studies have been negative. 

Investigations of disturbances of bleeding go beyond the confines of 
a gynecologic speculum; indeed, the pelvis may not be always a cor- 
rect diagnostic oracle. A meticulous history provides valuable data 
and a detailed medical examination is essential. Disturbed bleeding 
may be one of the earlier symptoms of medical disease or of metabolic 
disturbance. Anemia and other blood dyscrasias, pulmonary tubercu- 
losis, deficiency diseases, and obesity are some of the medical condi- 
tions which are associated with disturbed flowing. A neuropsychiatric 
inventory should not be overlooked, since major psychopathies, as well 
as cachexia nervosa, anxiety neuroses and emotional crises may upset 
the ovarian function. 
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History.— The gynecologic inquiry should be Inclusive with full data 
In regards to spedlic dates of bleeding and past and present treat- 
ments— surgical, gynecologic or endocrlnal. Often previous estrogen 
therapy with subsequent episodes of estrogen svithdrawal bleeding ob- 
fuscate the history and render impossible tlie differentiation of spon- 
taneous and artificlnl flowings. When there is definite acyclicity, these 
data are important; duration of tlie longer cyeles, of tlio shorter cycles 
and of average cycles; dates and durations of the longest and shortest 
cycles; duration of tlie longer episodes of bleeding, of the shorter epi- 
sodes of bleeding and of tlie average; duration and dates of the longest 
and shortest episodes of bleeding; and estimates of the amount of 
bleeding (as saturated pads or as times normal) during longer, shorter 
and average episodes of bleeding. When spedfle data cannot be se- 
cured from a patient, and if there is no gravity of tlie irregularity. It is 
helpful to have a patient keep tlieso spedfle records and return later 
for an evaluation of her problem. When tlie question of eveessiveness 
of flowing arises, preblccding and postbleeding estimates of hemo- 
globin and of red cell counts may provide information on hemato- 
poietic drain. 

A thoughtful gynecologist may ask wisely this question of the pa- 
tient: "Why does your irregularity disturb you?" The anssver of tlie 
patient may bo all-important and it may load to a proper evaluation 
and posing of her problem. It often clarifies psychosomab’es. Tlie his- 
tory and peldc examination should afford ready differentiation of 
bleeding due to pregnancy and its complications and that of strictly 
gynecologic nature. 

What the patient considers genital bleeding may not be of this na- 
ture. Urogenitorectnl topography is localized vaguely by many svomen. 
Pelvic and rectal exanunatlons and inspection of the urctlind meatus 
should differentiate between vaginal, rectal and urethral bleeding. 

Pelvic Examination.— A pelvic ciamlimtion is an obligatory part of 
the investigation of disturbed Dosving. Inspection should reveal bleed- 
ing of traumatism. Bleeding duo to vaginitis is identified by speculum 
examination. Cervical lesions, as polyps, erosions, ulcerations and car- 
cinomas, are apparent on speculum examination. Polyps should be 
studied by a patliologist lest they may be malignant. Areas of cervical 
ulceration and leukoplakia should be biopsied and should be sub- 
jected to pathologic studies. Bimanual examination recognizes irregu- 
larities and enlargements of the uterus which may result from neo- 
plasia, Adnexitis, quite commonly associated svith disturbances in 
bleeding, is diagnosed during the bimanual examination. A careful 
palpation in the ovarian region disoloses tumors and cj'sts of the 
ovaries which may be related ebologicnlly. 

Vaginal Smoar*.— Cytologic studies of the vaginal fluid, secured by 
repeated vaginal smears, are valuable in the investigation of obscure 
malignancies of the genital system of women in the late reproductive 
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epoch and during the climacteric. Vaginal smears, in our opinion, offer 
little practical, chnical information regarding ovarian function; far 
more worthwhile data are secured from slndies of daily temperature 
graphs and from studies of endometrial biopsies. 

Uterine Curettage.— Curettage of the uterus is not a necessary part 
of the investigation of all irregularities. Women, thirty-five years of 
age or older, who have too frequent, prolonged, or excessive bleeding 
should be curetted thoroughly and aU of the endometrium should be 
studied by a pathologist, lest a mahgnancy of the endometrium be 
overlooked. Repeated curettages may be necessary to be convinced 
that no mahgnancy exists in pre- and postmenopausal women. The 
cervical canal also should be ciuetted. When it is possible, curettage 
should be done at the onset of an episode of bleeding, withm the first 
twelve hours, in order that function may be estimated as well as cyto- 
logical studies done, ^Vhen irregular shedding of the endometrium is 
considered a likely cause of prolonged bleeding, a cvuettage on the 
third to fourth day after the onset of flowing should reveal persistence 
of progestational elements. Curettage in patients with long-standing 
intercurrent amenorrhea ma)' be advisable in view of the fact that 
occasionally tuberculous endometritis may be found. In general, curet- 
tage is done too frequently in the investigation of this particular dis- 
turbance of flowing. 

Endocrine Inventory.— Since the gynecic functions of the repro- 
ductive epoch are monitored by the ovaries in particular and by the 
endocrine system in general, endocrine inventory is necessary for an 
assessment of disturbed flownng. Tire history and physical examination 
will disclose errors of development and hypoplasia of the genital or- 
gans. Actual measurements combined with estimation of the utero- 
cervical ratio provide dimensional objectiveness to genital hypoplasia. 
Clinical findings and the results of the basal metabolism test and of 
serum cholesterol studies should establish thyroid disease. Roentgeno- 
grams of the sella turcica should be done routinely because, despite 
normal findings in most patients, they prove valuable by the oc- 
casional disclosure of unsuspected pituitary tumors. When there is 
apubescence or hypopubescence, the osseous age should be estimated 
from appropriate roentgenograms. End organ insufficiency should be 
differentiated from endocrine deficiency: hypomastia or uterine hypo- 
plasia may occur in women with normal glandular functions. 

Basal Temperature Studies.— Studies of daily basal temperature 
values during several ovarian cycles afford an excellent and practical 
means of screening the quality of ovarian function. These studies per- 
mit differentiation of menstrual irregularities (ovarian cycles charac- 
terized by o\'ulation and bleeding from progestational endometriums) 
and of irregularities associated %vith nonoccmrence of ovulation and 
vinth estrogenic bleeding. Basal temperature data also may be used to 
follow responses to specific therapy. Failure of the basal temperature 
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to drop significantly prior to the onset of bleeding may suggest that 
bleeding is associated with “irregular shedding of the endometrium." 
In this condition, it is said that the secretion of progestin (and the 
urinary excretion of pregnandiol) continues after the onset of bleeding 
for several days. Biphasicity of the temperature graph of the normal 
cycle is well known. The hypertliermic phase is due to the secretion 
of progestin following oimlation. An artificial hyperthermic phase may 
bo Induced by progestin therapy. 

Endometrial BIopay.-iEndomotrial biopsy is valuable in the Inves- 
tigation of disturbed flowing. We do not feel that biopsy is obligatory 
in the investigation of disordered bleeding during adolescence, since 
these disturbances may be accepted as functional. The biopsy technic 
should not supplant curettage in tlie investigation of prolonged, too 
frequent or excessive bleeding in tlie woman 35 years of age or older. 
Here die most important problem is the diagnosis of organic disease, 
in particular malignancy. The endometrial biopsy is unsulted for this 
and it should not be used to diagnose pathologic states. Its solo indica- 
tion is the estimation of function. Endometrial biopsy should be done 
within the first twelve hours of flowing when irregular bleeding is 
being investigated. Tlie more irregular a patient is, the more impor- 
tant biopsy becomes at the onset of bleeding. Wfiien cyclic women are 
being investigated— and this is usually in the course of sterility studies 
—spot biopsies three or four days before the onset of bleeding may be 
employed. It is necessary to confirm die subsequent occurrence of 
bleeding at the exiiected time in order to interpret properly findings 
based on spot biopsies. Repeated or serial biopsies during amenorrhea 
may be advisable for the purposes of Identifying any spontaneous cycle 
which might be occurring. A single biopsy during amenorrhea may 
give two valuable types of information: (1) the degree of estrogen 
stimulation (whether the endometrium is hypoestrogenlo, euestrogenic 
or hyperestrogenic ) ; (2) whether there is local disease ns tuberculous 
endometritis. The data from endometrial biopsy correlate well with 
those of basal temperature studies and are mutually complementary. 
Indeed, if a ivomnn supplies basal temperature data which are un- 
equivocally normal, a biopsy test is hardly necessary. 

If basal temperature data or endometrial biopsy Indicate that pro- 
longed or excessive bleeding is associated with a progestational endo- 
metrium, then there is little probability of endocrine disease or dis- 
turbance of endocrine function, and the likelihood of orgam'c disease 
of the endometrium as polyp, submucous flbromyoma or irregular 
shedding, should be ruled out by a careful curettage. 

When basal temperature data indicate a shortening of the progesta- 
tional phase, endometrial biopsy, taken at the onset of bleeding, should 
disclose an immature or poorly differentiated progestational endo- 
raotrium. 
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Studies of Hormonal Levels.— Studies of hormonal levels are of 
little or no value save in tire investigation of apubescence, hypopubes- 
cence, or intercurrent amenorrhea. Studies of urinary gonadotropins 
yield very valuable information in these conditions. Normal gonado- 
bopin levels ( eugonadotropuria ) indicate constitutional and exba- 
endocrine etiology. Low gonadobopin levels (hypogonadobopuria) 
indicate pituitary deficiency. Elevated gonadobopin levels (hyper- 
gonadobopuria ) indicate intrinsic ovarian failure with compensatory 
hyperactivity of the pituitary. When the rifinary gonadobopins are 
two- to three-fold increased, the ovarian fafim-e may he temporary 
and may be overcome eventually with beatment or by the increased 
pituitary function. ^Vhen the elevation of minary gonadobopins is 
more marked— from five- to fifty-fold— quite unifonnly the ovarian fail- 
ure is irreversible and beatment will prove of no avail. This is true for 
apubescence and hypopubescence; and when these elevated values are 
encountered in women who have ceased to menstruate, the diagnosis 
and prognosis of premature menopause is warranted. 

Studies of urinary pregnandiol levels when irregular shedding of 
the endomebium is suspected may give information complementary to 
more readily secured data of basal temperature levels and of biopsies 
and cmettages, done three to four days after tire onset of flowing. 

IRREGULARITIES OF THE INTERVAL 

The interval of tlie normal menstrual or ovulatory cycle is charac- 
terized by two phases of growth and a terminal phase of regression, 
namely: (1) a preovulatory esbogen phase, (2) a postovulatory esbo- 
gen and progestin phase, and (3) a terminal regressional phase, due 
to withdrawal of esbogen and progestin. Esbogen is the true growtli 
hormone of the endometrium. VlTien an endometrium is under active 
stimulation by esbogen, it grows and regression and bleeding do not 
occur. Progestin, which is secreted by the corpus luteum following 
ovulation, brings about differentiation of the endometrium preparatory 
to possible nidation. "When there is a waning of esbogen and progestin 
levels, incidental to regression of the corpus luteum, the endometrium 
begins to regress and eventually bleeding occurs. The duration of the 
posto\ailatory of progestational phase is quite unif orm; it does not vary 
much from fourteen days. Tire esbogen phase of the cycle, however, 
is much more variable. Indeed, all of the significant variations in cycle 
length are due to variabilities in the esbogen or preo\'ulatory phase. 

Irregular Chronology of the Cycle.— Ovarian cycles may occur 
too frequently or quite infrequently and yet the quality of ovarian 
function may not be disturbed: o\Tilation occurs and the progestational 
phase lasts appro.vimately fourteen days wth the result that cycles 
remain fertile. These cycles are truly menstrual. The variability of 
these cycles apparently results from the ease or the diflBculty with 
which the “favored follicle” is matiued. The intensity of the hormonal 
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stimulus (pituitary gonndotropin) or the rcceptitaty of the end organ 
(the foUiclo), or both, detcmiino Uie length of the estrogen phase. 
Onco osTilatlon occurs, however, the duration of tlio rest of the cj’cle 
is predetermined. 

Disturbed chronolog)’ per se is of no clinical significance. If infre- 
quent menstrual cycles are proved not to bo the result of constitutional 
disease, tlicir only impact may bo upon the fertility or the psychoso- 
matics. A patient who has two ovarian cycles a year instead of twelve 
is two-twelfths ns apt to become pregnant. Periodicity of uterine bleed- 
ing is not an essential to good health, despite the belief to the contrary 
of many women. Prolonged plrnses of lijqrothermin, however, may ha\’C 
psychosomatic components. Endcnce e.xists also that the psycliosc.’ni.al 
pattern under Uiese circiunstances is altered. Despite these facts, in- 
frequent or too frequent cj’cles, when associated with nomral ornrian 
function, should bo left alone front tlie standpoint of therapy. Tliese 
csxles may represent the best adjustment whiclt a patient’s ovaries can 
make to tlie stimuli of her pituitary gland. Treatment may disturb this 
adjustment and may result in irrogular anornlatory' or sterile cj'cles. 

Bleeding may occur during the interval of menstrual cjelcs uithout 
disturbing the quality’ of ovarian function. Interval bleeding may occur 
from local pathologic conditions, ns a poliq) or. a submucous fibro- 
mjTDma. Interval bleeding, wryfing from sli^it spotting to ses'ernl days 
of fairly free bleeding, may occur at the time of osadation. Interval 
bleeding, therefore, may obfuscate a hormonally normal cycle and 
lend erroneously to the assumption of disturlxHl osairian function. 
Studies of basal temperature curves, however, should demonstrate tlie 
nonnalncss of ovarian function. 

.iVbnormnl Quality of Orarinn Function.— There may be disturbcil 
mrarian function in cycles of normal chronology ns well ns in cycles of 
disturbed chronology. Tlircc types of disturbed osarinn function are 
recognized: (1) deficient progestational phase, (2) nnomintlon wftli 
normal estrogen function, and (3) anoxailntion with deficient estrogen 
function. 

A deficient progestational phase results from inadequate function of 
the corpus luteum. 'This usually is due to the formation of a faulty 
corpus luteum or to premature regression of the corpus luteum. Tlicre 
results a short corpus luteum phase, which is reflected in the basal 
tcmperatiuo cuives by a short hyperthermic phase. Endometrial biopsy 
studies indicate terminal bleeding frem endometriums which have not 
reached full progestational differentiation. Ovarian cycles witli .short 
progestational phases may result in apparent sterility, due in rcalih- to 
early abortion because of incomplete preparation of the endometrium 
for nidation. In mnnj' instances, the fertilized egg may rcacli the en- 
dometrium after it has already begun to regress prior to the onset of 
bleeding. Under these circumstances, a short progestational phase may 
be amplified by substitutional therapy witlr progestin and estrogen. 
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Anovulation with normal estrogen function occurs when a follicle 
develops to the point of ovulation and then fails to rupture. This may 
be the result of an error in the hormonal stimulus or a fault of the end 
organ, the ovaiy. In the anovulatory cycle, there is no corpus luteum 
fimction and, therefore, no progestational differentiation of the endo- 
metrium. Terminal bleeding occurs from an interval or estrogenic en- 
dometrium. The cycle may be of normal duration, short, or unusually 
long duration. Its primary significance is in the absolute steriHty which 
is imposed on the patient Treatment is indicated when this sterihty is 
undesired. The aim of therapy is to stimulate ovulation and corpus 
luteum function. 

Anovulation vdth deficient estrogen function results when develop- 
ment of a follicle ceases prior to its reaching maturity. Its hormonology 
and clinical significance are the same as those just discussed. Terming 
bleeding occurs from endometriums lacking full estrogen stimulation, 
that is, hypoestrogenic endometriums. (Anovulatory cycles may be 
physiologic for several years after the menarche and during the pre- 
menopausal phase of the climacteric.) 

IRREGULARITIES OF FLOWING 

Regression and bleeding terminate the menstrual cycle, because a 
critical waning of estrogen levels renders finther endometrial growth 
impossible. As a rule, a fall of 50 per cent in estrogen levels from peak 
values is followed by bleeding. Accordingly, estrogen values do not 
approach zero at any time during menstruation. Menstrual bleeding 
ceases when estrogen levels rise, incidental to the maturation of "clus- 
ters” of folhcles, prior to a selection of a “favored foUicle.” Failure of 
this normal hemostatic mechanism results in prolonged flowing. 

Anovulatory cycles are monitored solely by the waxing and waning 
of levels of follicular estrogen. While the foUicle is actively growing, 
ample estrogen for endometrial growth is supplied. When the follicle 
regresses, without ovulation, endometrial regression begins and is fol- 
lowed eventually by bleeding. 

Irregularities of bleeding may concern (1) its duration, (2) its 
amount, (3) the type of endometrium from which it occrus. 

Abnormal Duration of Bleeding.— There are no rigidly flxed limits 
of duration of normal bleeding. Some women attach considerable sig- 
nificance to the fact that tlieir menstrual periods last a short time. They 
seem to believe that they must rid themselves of a required amount of 
toxic material at this time and, when their periods are of short dura- 
tion, they infer that there has been incomplete menstrual purification. 
Prolonged bleeding need not be excessive. Prolonged bleeding may 
result from local disease of the uterus and endometrium, as polyp, 
fibromyoma or carcinoma. It may result from irregular shedding of 
the endometrium. On the other hand, it may be functional and may 
result from a failiue of tlie normal hemostatic mechanism and conse- 
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quenUal teetering of estrogen levels at critical points which are insiifB- 
cient to initiate a new phase of endometrial growth. 

Almormol Amount of Bleeding.— There is considerable variation 
in the amount of blood lost by normal svomen. Scanty bleeding per se 
is of no clinical signlflcance. It may occur, however, in conjunction 
with debilitating constitutloDal diseases. 

Prolonged bleeding or bleeding of normal duration may be excessive 
in amount. Uterine hemorrhage, ns hemorrhage from any other site, 
may constitute a grave emergency. It may result from organic disease 
of the uterus and endometrium. It may be caused by functional dis- 
turbances characterized by teetering of critically low estrogen levels. 
Prolonged or excessis'e bleeding may or may not be associated with 
qualitative changes in oiarian function. Excessive bleeding which 
is associated svitli a progestational endometrimn usually can be ex- 
plained upon the basis of organic, endometrial or uterine disease. Clots 
frequendy are passed when the bleeding is brisk. They have no par- 
ticular significance save indication of a brisk hemorrhage which has 
resulted in nonllquefaetion of the clot while the blood was still in the 
uterus. 

Endometriums from Which Bleeding Occurs.— Bleeding of any 
duration and any amount may occur from any type of endometrium. 
Accordingly, the likelihood of a grave hemorrhage cannot be prognos- 
ticated by endometrial studies. Practically all the fatal functional 
uterine hemorrhages have occurred from poorly proliferated or atro- 
phic endometriums. Hyperplasia of die endometrium is associated 
fairly frequently with hemonlinges during anovulatory cycles. The 
hyperplasia may result from e.xcessive estrogen stimulation of endo- 
metrium, from prolonged estrogen stimulation, or from the accumula- 
tion of endometrium from several cycles, since the estrogen endo- 
metrium is not shed as completely as the progestational endometrium. 
Fairly cyclic bleeding, on the other hand, may occiu from all types of 
endometriums. Accordingly, there is Utde clinical difiference between 
bleeding from the various types of endometriums, save that dysmenor- 
rhea is associated almosdy uniformly with bleeding from a progesta- 
tional endometrium. 

AjiENonnnEA 

The term “amenorrhea” is used variously in medical ivritings to in- 
clude infrequent flowing as well as nonoccurrence of bleeding. In this 
discussion the term is used to denote no bleeding and intercurrent 
amenorrhea is diagnosed when at least one year has elapsed rvlthout 
bleeding. The physiologic abeyance of ble^ng incidental to preg- 
nancy and the puerperium is not discussed. 

Amenorrhea is classified as (1) physiologic, (2) hypo- or apubes- 
cent, and (3) intercurrent. 

Physiologic Amenorrhea.— The absence of bleeding is physiologic 
prior to menarche and after the menopause. Premature menarche 
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(pubertas praecox) may be due to constitutional factors or to endo- 
crine disease, as ovarian tumors, adrenal disease or hypothalamic dis- 
turbances. Premature menopause may be due to constitutional factors, 
pehdc surgery, irradiational therapy or premature senihty of the ovary. 
Postmenopausal amenorrhea may be comphcated by flowing due to 
endometrial mahgnancy, malignancy elsewhere in the generative 
tract, ovarian tumors, or overtreatment wth estrogens. Premenarchal 
amenorrhea is characterized physiologically by hypogonadotropuria, 
whereas postmenopausal amenorrhea is associated wdth hj'pergonado- 
tropuria. 

Hypo- or Apubescent Amenorrhea.— Failure of menarche to occur 
at the usual age may be associated with hypopubescence (deficient 
sexnal maturation) or apubescence (absence of any sexual matiu-a- 
tion). Hj'popubescent amenorrhea, prior to 18 years of age, may be a 
simple tardiness, which is corrected spontaneously. If menarche has 
not occurred by 18 years of age, however, hypopubescent amenorrhea 
likely is due (o constitutional or endocrine disease. Apubescent amen- 
orrhea rather uniformly is due to constitutional or endocrine disease, 

Hypergonadotropuric apubescence is of grave prognosis for the 
initiation of normal ovarian cycles. Indeed, it represents a severe grade 
of intrinsic ovarian failure due to maldevelopment of the ovaries dur- 
ing the fetal period. These patients have been described as having a 
“premenarchal climacteric,” since their hypergonadotropuria and their 
intrinsic ovarian failure are of the same order as those of climacteric 
women. Fairly satisfactory substitutional therapy with estrogens may 
be carried out but tliis therapy is not crnative, and the responses to 
this therapy often are not completely satisfactory. These patients, 
therefore, must accept a state of hopeless sterilily. 

Amenorrhea associated with essentially normal sexual maturation 
should be differentiated from hypopubescent amenorrhea. Embryo- 
logic faults in development of the utems may impair the functions of 
this end organ and, thereby, cause amenorrhea, despite the normal- 
ness of hormonal stimuli and the adequacy of function of the endo- 
crine system in general. 

Intercurrent Amenorrhea.— Postmenarchal, or intercurrent, amen- 
orrhea may be due to di\'erse causes, as environmental or climactic 
alterations, emotional crises or neuropsychiatric disease, metabolic dis- 
turbances, constitutional or endocrine disease, pelvic surgery, irradi- 
ational dierapy involving the pelvic organs, premature senility of the 
ovaries, ovarian tumors, (pregnancy and puerperium), or rarely func- 
tional disturbances. It may be transient, and be followed by a spon- 
taneous recover)' of normal function, or it may be absolute and final, 
and not always salvageable by intensive therapy. It may be associated 
with hypoestrogenism (low estrogen values), euestrogenism (normal 
estrogen values), or hyperestrogenism (elevated estrogen values) and, 
accordingly, sexmal regressions occur only when there is associated 
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hypoestrogenism. It may bo characterized by hypogonadotropuria 
(decroaied urinary ercrction of gonadotropins), ougonadotropuria 
(normal urinary excretion of gonadotropins), or hypergonadotropuria 
(increased urinarj' excretion of gonadotropins), depending upon its 
etiology, namely, deficient gonadotropic activity of the pituitary, 
diverse otlior causes, or intrinsic ovarian failure. It may bo associated 
with idrilization, due to ovarian tumors, ns arrhcnoblastoma, or adrenal 
rest cell tumor, or luteoma, or due to adrenal disease, as hyperplasia, 
adenoma or carcinoma, or due to intensive androgen therapy. 

The ch'nical significance of amenorrhea depends upon its etiology. 
When constituh'onal or endocrine disease, metabolic disturbances, 
gynecologic disease and neuropsychopathy do not exist, the only sig- 
nificance of amenorrhea may bo an undeslred sterility' or a disturbed 
psj'chosomatics. Amenorrhea Is not Incompatible with good health. 
The treatment of amenorrhea is conditioned by its etiology. 

TIIEATSJENT 

Any discussion of treatment should emphasize that irregularities of 
uterine bleeding may bo vagaries of normal menstrual physiology or 
symptoms of diverse diseases or disturbances of function. No irregu- 
larity of bleeding is a disease per se. Treatment is discussed according 
to clinical significance rather than from the standpoint of every irregu- 
larity of flmving. 

Uterine Ilcmorriingc.— Tlie term "uterine hemorrhage" indicates 
excesses of llosvlng, either prolonged or of usual duration, which cause 
Increased blood loss with hematopoietic drain. When there is active 
hemorrhage or a history of past excesses, tlie immediate therapeutic 
objective is to stop the flowing or to forestall further hemorrhage. The 
next objective, unless gynecologic disease prevents, is the restoration 
of normal ovarian cycles. Uterine hemorrhage due to gy’necologic dis- 
ease, endocrine disease and medical illness will be discussed later. Our 
present consideration deals with functional uterine hemorrhage. 

Most functional uterine hemorrhages result from critical teetering of 
estrogen levels and failure of the normal midmenstrual upsivlng in 
these values which is designed to clieck bleeding by Inltinting another 
ivave of endometrial growth. As a rule, tills break in normal physiology 
is related to episodes of hyporeactivity of the ovaries to pituitary' 
gonadotropic stimuli. Accordingly', if diis thesis be true, these episodes 
of bleeding can be stopped by raising estrogen levels by estrogen 
therapy. As a rule, it takes several days to secure "estrogen hemostasis.” 
When the hemorrhage is grave, a more rapid form of hemostasis is 
necessary. This can be secured by curettage and, if necessary, a light 
packing of the uterus and vagina. When n patient is thirty-five years 
of age or older, hemostasis should be secured by curettage, rather tlian 
by estrogen therapy, since it is obligatory to exclude the possibility of 
malignancy of the endometrium. 
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There is no need to give estrogens by injection. All of our esteogen 
therapy is oral. We prefer natural estrogens in general and in par- 
ticular when functional uterine hemorrhage is treated. The natural 
estrogen of our choice is a commercial preparation of conjugated es- 
trogens, ‘ premarin,” which is chiefly estrone sulfate. The usual dosage 
of premarin which we employ for hemostasis is 7.5 mg. per day. 
(Premarin is available in tablets of 1.25 and 2.5 mg.) If bleeding has 
not decreased significantly by the third day of treatment, the dosage of 
premarin is increased by 50 or 100 per cent. Usually there is little difii- 
culty in securing hemostasis within tliree to five days. 

Hemostasis, whether secured by curettage or by estrogen therapy, 
is only tlie beginning of treatment. If estrogen therapy is discontinued 
when the patient ceases to bleed, there wll be a return of bleeding 
( withdrawal bleeding ) ‘ within three to five days. Bleeding usually 
returns relatively promptly if no treatment follows curettage. Accord- 
ingly, the daily dosage of estrogen which was required for hemostasis 
is continued for twenty days, in order to assure at least twenty days 
without bleeding. During the last ten of the twenty days of estrogen 
treatment, oral progestin ( anhydrohydroxyprogesterone ) is given. The 
dosage of oral progestin is arbitrary: for each 1.25 mg.-unit of premarin 
we use 10 mg. of oral progestin. When this treatment is concluded, 
withdrawal bleeding results usually within three to five days. 

When hemostasis has been secured by curettage, we employ similar 
cyclic estrogen-progestin treatment but use a lower dosage. Within 
three to five days after the cm'ettage, treatment is started and the 
patient is given 3.75 mg. of premarin daily for twenty days; during 
the last ten days of this twenty days of estrogen treatment, tlie patient 
also receives 30 mg. of oral progestin daily. 

On the third day of flowing following the first series of cyclic estro- 
gen-progestin therapy, another cycle of treatment is initiated and it is 
given in a similar fashion, employing the same dosage schedule, in 
most instances, as that which followed curettage hemostasis. In all, 
three or four cycles of estrogen-progestin therapy are given. At times, 
it may be necessary to elevate the dosage of tlierapy, as when ‘Break- 
through” bleeding occurs. 

By carrying out this estrogen-progestin substitutional therapy, the 
patient is assrued cyclic bleeding of normal amount. In the majority 
of patients, this tlierapy, by resting overstimulated ovaries and by re- 
ordering reciprocities of the ovary, pituitary and endometrium, facili- 
tates a return of normal ovarian hycles. This fact can be ascertained 
fiom studies of basal temperature graphs or from studies of endo- 
metrial biopsy tissue secured at the onset of episodes of bleeding, fol- 
lowing discontinuation of treatment. 

If there is not a return of normal ovarian function, we give several 
additional cycles of estrogen-progestin therapy in which the dosage of 
progestin is increased. The treatment formula for these cycles is this: 
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premarin is given as previously described, 3.75 mg. dally for twenty 
days; during the last ten days of this twenty days of estrogen therapy, 
25 mg. of progesterone is given intramuscularly every other day. 

There is no reason to hesitate to employ estrogen-progestin therapy 
in tile treatment of functional uterine hemorrhage of premenopausal 
women. It is preferable to irradiation therapy, which may mask an 
early malignancy of the endometrium, which was overlooked during 
the initial curettage. Tire false secmity which results from irradiation 
may contribute to a costly delay in the recognition and proper treat- 
ment of the condition. The hormonal therapy which has been de- 
scribed does not impair the endometrium’s ability to serve as an indi- 
cator of local disease. Estrogen and progestin, when they are given 
according to the schedule described, are not cardnogenle. 

Impaired Ferllllly.— Treatment of impaired fertility associated svjth 
functional excesses of bleeding has been discussed. Prior to continuing 
this discussion, these observations are warranted. Ovarian sterility 
constitutes a minor cause of childlessness. It is encountered in less 
tlian 5 per cent of wives of childless couples. Furthermore, the prob- 
lem of sterility should be approached broadly svith an investigation of 
adequate scope of both members of the couple. 

The reducdon in fertility which Is incident to infrequent but ovula- 
tory cycles requires no treatment, save instruction of the woman in 
taking basal temperatures so that she may recognize and act upon 
ovulation. Endocrine, therapy, with the exception of desiccated Siy- 
roid gland for hypothyroldlOT, is apt to disturb the quality of ovarian 
function, rather than increase the number of ovulatory cydes. AVhen 
rapid gains of weight ore responsible for infrequent cycles, loss of 
weight by reduction diets usually improves the chronology of the cycle. 

The hopeless prognosis of hypergonadotropuric apuhescence has 
been mentioned. The hj’popIasHc ovnries of these individuals cannot 
be stimulated to initiate normal and spontaneous functions. 

A similar prognosis may be given the woman svith premature meno- 
pause, that is, postmenarchal or infercurrent hypergonadotropuric 
amenorrhea. 

When hypogonadotropuria or eugonadotropuria characterize hypo- 
pubescence and intercurrent amenorrhea, a trial of gonadotropic ther- 
apy may be carried out Unfortunately, even in patients witii hypo- 
gonadotropuria, this therapy comthonly is ineffective. Making use of 
the best gonadotropins available commerdally, we have described 
what was called "one-two cjollc gonadotropic therapy,” which is de- 
signed as a quantitative and qualitative substitution for cyclic pituitary 
function. This therapeutic schedule has proved of value in some svomen 
with anovulatory cycles. It may be tried in amenorrhea. It is sum- 
marized. 

Equine gonadotropin (from the scrum of the pregnant mare) and 
chorionic gonadotropin (from human pregnancy urine) are given in 
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sequence and by intramuscular injection. The patient should be skin 
tested wth a preparation of equine gonadotropin before each series of 
treatments, beeause of its frequent allergic characteristics. If there is 
no allergy the first trial cycle is initiated and the results of treatment 
are gauged by basal temperature studies and by endometrial biopsy, 
if bleeding follows. For ten consecutive days, the patient receives daily 
intramuscular injections of 500 international imits of equine gonado- 
hopin. Immediately following this, the patient receives for ten days 
daily intramuscular injections of 500 I.U. of chorionic gonadotropin. 
If basal temperature data or endometrial biopsy data indicate that 
ovulation was induced, cycles of this treatment are given every three 
months in conjunction with trials at pregnancy, which are calibrated 
with thermic evidence of ovulation. 

If there is no evidence that this treatment has stimulated the ovaries, 
it may be repeated after an interval of three months or more, and fol- 
lowing a negative skin test %vith the preparation of equine gonado- 
tropin. This second trial of therapy is given similarly as the first, save 
that tire daily dosages of both gonadotropins are doubled. If no evi- 
dence of ovarian stimulation is secured from the second trial of treat- 
ment, a third trial of treatment may be made similarly after a rest 
interval of three months or more. Tlris trial of treatment may employ 
daily doses which are dnee or four times tlie initial dosage. If this 
trial gives negative results, there is no need for further trials of gonado- 
tropic therapy. ' 

There is relatively htde difficulty in producing withdrawal bleeding 
in amenonheic patients followng cyclic estrogen or cyclic estrogen- 
progestin therapy. This bleeding is artificial and should not be con- 
strued as resulting from any stimulation of ovarian function. Recent 
publications have manifest some enthusiasm for die results secured in 
the treatment of amenorrhea wiUi relatively large dosages of progestin. 
In fact, a number of commercial preparations of estrogen and proges- 
tin is being offered for the so-called “short treatment” of amenorrhea. 
Our results with this treatment do not indicate that it represents any 
significant contribution to the cure of the ovarian failure responsible for 
the amenorrhea. It may be tried. This plan of trial is suggested; 

For twenty days the patient is fflven 3.75 mg. of premarin by mouth 
daily. During the last ten days of this twenty days of estrogen treat- 
ment, 25 mg. of progesterbne is given intramuscularly every other day. 
This treatment is continued for two additional cycles, each cycle of 
treatment being initiated at the end of wthdrawal bleeding. After 
three cycles of this treatment, an inventory of salvage is taken by 
studies of basal temperature values and by endometrial biopsies at the 
onset of bleeding, ff the patient bleeds. Most of our patients do not 
bleed when treatment is discontinued. 

In general it may be said that little can be done to accomplish the 
return of normal spontaneous ovarian cycles in patients with amenor- 
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rhea unless the amenorrhea Is due to medical disease which can be 
cured or improved, or due to endocrine disease, as hypothyroidism, 
diabetes meUitus, which may be improved by specific treatment, or 
due to metabolic disturbances which may be corrected, or due to other 
extra-endocrine conditions which may be eradicated or improved. 
Some clinicians report good results from so-called “low dosage irradia- 
tion” of the pituitary and ovaries. Others describe return of normal 
ovarian cycles following "wedge resection” of cystic ovaries. We have 
not practiced these methods. 

The so-called "one-two cyclic gonadotropic tlierapy” should be tried 
in patients with anovulatory cycles and undesired sterility. Success has 
attended this therapy in a number of women, investigated and treated 
by ui because of childlessness. 

Peychosomatic Distnrliances.— At times it may sileni expedient, if 
not necessary, to treat sririous psychosomatic disturbances related bj' 
the patient to infrequent ovarian cycles or to scanty' uterine bleeding. 
The pressure for thri treatment may come from the patient herself or 
it may come from her neuropsychiatrist or her internist. At other times 
it may result from an endogenous conviction that endocrine treatment 
b the easiest way around a dilficult problem or that endocrine treat- 
ment is cheaper for the patient than prolonged psychotherapy. For 
this form of treatment, the follorvlng schedule is suggested: 

The estrogen should bo given orally. For example, we suggest 1.25 
or 25 mg. of premarin daily for twenty days. Treatment should be 
started on the fifth day of the cycle (five days after the onset of bleed- 
ing). Treatment should be resumed at the same time following xvith- 
drawal bleeding. Indiridual circumstances svill determine how many 
cycles of treatment are necessary or ads’isable. It should be cautioned 
that this form of treatment most likely u’iU upset the quality of ovarian 
function if the patient is hnr'ing normal ovulatory cycles. IVhen treat- 
ment is discontiiiued, normal cycles may' or may not be resumed. 

It may be mentioned that the cy'cllc use of estrogen therapy', as Just 
describe, in the treatment of dysmenorrhea is common, and appar- 
ently helpful. It probably falls under the classification of psycho- 
somatic therapy. It has been our general e.xpcrience that no permanent 
damage to the quality of ovarian function results from flu's cyclic 
gstrogen therapy. 

The use of estrogens in the treatment of severe symptomatic dis- 
turbances, incidental to the climacteric, warrants inclusion in this 
discussion. The purpose of estrogen therapy at tliis time is not to reg- 
ulate the cycles of bleeding but to decrease the subjective distress. 
When estrogen tlierapy of premenopausal women is necessary, the 
administration of estrogens should be cahbrated uith their bleeding 
cycles, in order to avoid irregularities of bleeding. Furthermore, treat- 
ment at this time should not employ full substitutional dosages of 
estrogens or should not be continued unduly long lest tlie process of 
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the climacteric be delayed. Acyclic administration of estrogens, at 
varying intervals and in large dosages, at this time of hfe, constitutes 
an ideal formula for keeping the endocrine system in a state of chaos 
and flux. 

■When it is necessary to treat subjective symptomatology in the post- 
menopausal woman, estrogen dosage should be kept particularly low, 
lest there be undue endometrial stimulation and ultimate wthdrawal 
bleeding. Estrogen therapy at this time should be given cyclically and 
the formula which we suggest is twenty days of treatment followed by 
a withdrawal of treatment for ten days. We do not beheve that the 
daily dosage of estrogen at this time should exceed 0.625 milligrams 
of premarin. Even this small dosage, if continued for many cycles, may 
be followed by withdrawal bleeding. Withdrawal bleeding in the post- 
menopausal woihan, even though it may be correlated with antecedent 
estrogen therapy, always poses the possibility of endometrial mahg- 
nancy and frequently leads to a diagnostic curettage. 

Organic Diseases, Endocrinopathies and Gynecologic Conditions— - 
One of the chief, if not the foremost, significancies of irregularities of 
bleeding is the hkehhood that they may be sjrmptoms of a disease, 
which should be diagnosed and appropriately treated. Any therapeutic 
approach which ignores this fact and which considers a functional 
disturbance without ruling out these conditions, is,, a hazardous one. 

It is obviously impractical, and not necessary, to attempt a detailed 
discussion of all the diseases which may result in irregularities of 
bleeding. Tliis general statement appears to be in order: When gyne- 
cologic smrgery or pelvic irradiation is being considered, due consid- 
eration should be given to restoration or preservation of normal 
ovarian function, if possible; there is entirely too much unnecessary 
destruction of fimction by both of these therapeutic approaches. A 
gynecologist, or a surgeon, who think s in terms of ovarian function 
and in terms of fertflity, rarely does imnecessary removals of genital 
organs. 



FERTOITY IN BIEN 
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GENERAL CONSIDERATIONS 

Only in the past few years has anything but the most cursory atten- 
tion been given to the study of fertility in men. A great deal has been 
done from the embryologic and histologic points of view, and a mod- 
erate amount of loiowledge regarding endocrine and nutritional 
aspects has been acquired in work with the experimental animal and 
in animal breeding. Hie greatest lag has been in the application of 
available knowledge to the human and the development of more 
accurate means of diagnosis and treatment. Progress is now being 
made, and sterility clinics are being operated by many of the larger 
hospitals and clinics. 

It is generally accepted that in a study of childlessness a careful 
examination of the semen is always necessary, and, in addition to 
evaluation of the general health of the husband, such values as testicu- 
lar biopsies and hormone assays may be needed. 

Some of the more important clinical facts will be mentioned. 

The approach to the patient varies considerably and requires Judg- 
ment and understanding on the part of the physician. Frequently the 
svife comes alone to inquire regarding the cause of childlessness. More 
frequently in recent years both husband and wife appear, psychologi- 
cally prepared by their own physician to undergo whatever examina- 
tions are required. 

Occasionally a single man wishes an estimate of fertility in anticipa- 
tion of marriage or for other reasons, sometimes because of a fear of 
dnmage_ from previous venereal infections or to corroborate or refute 
opinions obtained elsesvhere. An examination of the semen is re- 
quested as the first step in the investigation. If this is normal, physical 
examination and further tests on both partners may be in order. 

In most cases, necessary examinations are readily arranged, but 
occasionally an impasse is reached in which the wife refuses to request 
semen examination for fear of the ill effects which psychological fac- 
tors might produce on the husband or because of actual refusal of the 
husband to appear or to submit semen for examination. 

HISTORY 

A careful history may supply Important leads as to the cause of 
infertility. Facts such as the following should bo elicited xvith care. 

From the Section on Endocrinology nnd MetaboHsm, Clervoland Clinic. Cleve- 
land, Ohio. 

• Head of Section on Endocrinology and Metabolljm, Cleveland Qlnic. 
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The history of development of the genitalia, time of puberty and the 
possibility of cryptorchidism in the past should be investigated. A 
history of excessive obesity in cliildhood may suggest adiposogenital 
dystrophy from wliich complete recovery may not have occurred. 
Early severe infections or fevers, especially mumps, is important. A 
careful history of nutrition may be of importance. The possible harm- 
ful effects of vitamin A and B deficiency and the lasting effects of 
vitamin E deficiency in animals should be kept in mind, though their 
true relationship to human fertility is not yet clear. 

During adult life possible effects from toxic or infectious agents and 
endocrine or metabolic disease should be considered. The occupation 
may be of importance; possible exposiu'e to heavy metals or to x-ray 
and suggestive evidence of pituitary, thyroid or adrenal disease and 
diabetes should be examined. Local damage may have occurred as the 
result of surgery, rarely trauma. Injury to the ducts as the result of 
gdnorrheal epididymitis is common. Prostatitis may be a factor, though 
this is apparently unusual and considerable chronic prostatitis is not 
necessarily inconsistent witli fertility. A history of urethral instru- 
mentation or posterior urethral cautery or surgery may be significant. 

SexTial history should never be taken for granted, even in appar- 
ently normal, well educated men. Detailed inquiry should be made 
into the normahty of the sexmal act and the frequency of coitus, bear- 
ing in mind that too infrequent relations reduce chances of the sperm’s 
reaching the ovum, while intercoiuse as often as daily or alternate 
days may materially reduce the sperm count. It may be illuminating 
to inquire regarding fertility in a previous marriage or information 
obtained frorn former physical and semen examinations. 

The age of the patient, the number of years married, and the fertility 
liistory of the wife are all matters of importance. The possible harmful 
effects of immediate semen loss from die vagina or the inadvertent 
use of precoital .or postcoital douches need consideration. 

Psychologic factors such as worries connected with occupation, 
anxiety regarding sexual normality, or other reasons may be impor- 
tant, and chronic fatigue is not conducive to the highest grade of fer- 
tility for the individual in question. 

PHYSICAL EXASHNATION 

If the semen examination is normal the physical examination of the 
patient is perhaps less important than in tlie presence of abnormalities. 
It is wise, nevertheless, to bear in mind tliat minor abnormalities in the 
semen may not be evident with the methods available at present, and 
the gener^ health of the individual is therefore still an important fac- 
tor. As in all physical examinations certain laboratory tests probably 
should be considered routine. These include urinalysis, Wassermann 
tests, blood counts and blood sugar estimation, and it is weU to add 
basal metabolic rate. The physical examination should give special 
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consideration to gross abnormalities of body weight and signs of en- 
docrine disorder, especially those relating to hypogonadism. A careful 
examination of the genitalia and accessory glani is necessary, paying 
particular attention to penile and testicular nbnormabties and the 
prostatic fluid for signs of Infection as well as further exammation of 
uretlual smears or urologic examination when any suggestive findings 
indicate the need for it. 

SEJIEN EXAMINATION 

Examination of tlie semen and sperm may be considered under 
several headings! 

1. Methodj of obtaining the *«nen 

(a) Masturbation 

(b) Coitus Intcmiptus 

(c) Coodom 

(d) From the vagina 

(e) Vesicular massage 

2. Prerarutlons In obtaining and transporting the specimen 

3. Examination of the sperm obtained from other sources 

(a) From the cervix 

(b) From the uterus 

(o) By testicular or epididymal aspiration 

4. Technib of examination and the nonnal semen 

5. Abnormalities associated with reduced fertihty 

Methods of Olitaining the Semen.— Afartorhotlon.— The most 
practicable method of semen collection In many xvays is the produc- 
tion of a specimen by masturbation at the office with ejaculation 
directly into a dry, clean, wide-mouthed glass container. When this 
method is used it has the advantage of delivery of the specimen to the 
laboratory at once and of being as certain as possible that the entire 
specimen is obtained and properly transported. It is not free, how- 
ever, from disadvantages; religious or other ethical objections may be 
raised. The patient may object because of embarrassment or be actu- 
ally unable to prcfduce a specimen in this manner. There is also the 
objection which might be raised to other methods, namely that, the 
semen must be examined after having been in an abnorm j environ- 
ment out of contact with the effects of normal secredonx of tihe 
vagina and cervix. In addition. It is frequently the case that coitus has 
occurred within three days of the time the patient presents himself for 
examination. Ejaculation more frequent than this may result in a low 
sperm count If normal semen Is demonstrated In spite of recent ejacu- 
lation, no repetition is necessary. If the count is low the test should 
be repeated later. 

Coitus Interruptus.—Cieai Instructions must bo given in each case 
to Insure as well as possible the obtaining of all the semen ejaculated 
and at as short a time as possible prior to its arrival In the laboratory. 
The ejaculate Is passed directly into a wide-mouthed glass bottle. 



76 


E. PERRY MCCULLAGH 


Use of a Condom.— This is a very poor method and never advised by 
us. Immobility of the spermatozoa in a condom specimen can never 
be properly interpreted because normal sperm may be very short- 
lived in contact with the materials of tbe condom. 

Recovery of Semen from the Vagina.— This method has not proved 
satisfactory because part is lost and most of the sperm is rendered 
immotile in the vaginal secretions. It may be interesting on’ occasions 
to compare these findings with those obtained on examination of a 
fresh specimen. 

Examination of Sperm in Fluid Obtained by Prostatic and Seminal 
Vesicular Mosscge.— This is most unsatisfactory; since the sperms are 
stored almost entirely in the epididymis and what few sperms may be 
obtained by massage of the vesicles do not represent those which 
would be found in a normal ejaculate. 

Precautions in Obtaining and Transporting the Specimen.— 
The time elapsed betrveen previous ejaculation and the obtaining of 
the specimen should be three or more days. Long intervals of time are 
also undesirable. Some individuals with relative impotence under such 
circumstances as may exist, for example, in acromegaly may be able 
to supply a specimen only once a month. A relatively normal count 
only obtainable at such a long interval loses much of its meaning. An 
interval of four days is therefore adrdsed for the sake of more accurate 
comparison with normal, and ^vith individual changes. 

The container should be dry and clean and should not be rewashed, 
as it may contain water which would interfere with the normality of 
the semen. We prefer to use a wide-mouthed, 1 ounce bottle with a 
plastic screw top rather than a rubber cork. Under no circumstances 
should the container be warmed nor should any attempt be made to 
keep it warm in transport. This seems to be a natural error and with- 
out warning patients wiU arrange in some way to warm the container 
before use or to carry it to the office under the clothing. The life of the 
sperm is distinctly shortened by heat, and since motility at present is 
judged at room temperature, a temperature of 70°P. 'or below is pre- 
ferable for transport. Future studies may show that estimation of 
sperm motihty at more carefully regulated temperatures in the labora- 
tory may be desirable. 

The container should be carefully labeled with the name and clinic 
number of the patient, the date, and the hour at which the specimen 
was obtained. It is weU to question the patient regarding the com- 
pleteness of the specimen, especially when less than 2 cc. of semen 
is delivered. 

Examination of Sperm Obtained by Other Means.— Sperm from 
the Cervix {Huhner Test^).— This simple test was described in 
1913 and is still in constant use. It consists of the recognition of 
live spermatozoa in the cervical mucus. The woman presents herself 
as soon as possible after coitus. The speculum is inserted without 
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lubrication, the cervix is wiped clean, and a small amount of cervical 
mucus obtained with a wire loop or cannula is examined at once. The 
finding of live sperm obviously gix'es much information ns to the rela- 
tive importance of abnormalities which might be theoretical barriers 
to fertility between the production of the semen and its entmiice to 
the cervical canal. 

Sperm from the Uterine Caolty.— Sperm may be obtained from the 
uterine carity in the same manner ns from the cervix. However, it is 
difilcult to determine whether or not they have been introduced with 
the instruments or to obtain them with enough consistency to malce 
the method usefiJ. 

Aspiration of the Testicle to Obtain Spenn.— This method xvas also 
advised by Huhner and has been employed to considerable advantage. 
If live sperm are seen, information of value is obtained, especially if 
none are in the ejaculate. Many of the sperm in testps are normally 
immotile or very slightly motile, however, so that with needle biopsy 
of the testes resiilts are often equivocal. 'Hie method seems now to' be 
largely replaced in most clinics by semen analysis and siu-glcal biopsy 
of the testis. If on occlusion of the epididymis is suspected and it is 
known that there ore no sperm in the semen but that there is normal 
spermatogenesis in the testes, the demonstration of normal sperma- 
tozoa in the epididymal head may indicate the possibility of a cure 
by vaso-epldidymol anastomosis. 

Technic of Semen Ebuiminalion.-Scmen examination involves a 
study of the specimen to determine appearance, volume, viscosity, pH, 
sperm count per cubic centimeter, and iii total, estimate of the number 
of motile sperm, the degree of motility and the duration of motiUty 
(riability), presence and type of other cells and bacteria. Stained 
smears are also examined to determine the morphology of the sperms 
and to make an estimate of the immature, teratologic and degenerated 
forms present 

At times such features as the power to dissolve cervical mucus, 
hyaluronidase content chemical analysis for fructose, or other con- 
stituents may bo added, but such measmements as these as well as 
any metabolic studies of the sperm themselves are still matters chiefly 
for Investigation rather than for clinical application. 

All of the facts gained must be Interpreted in the light of an Inti- 
mate knowledge of the history and physical condition of the patient 
and the conditions under wliich the semen was obtained. 

Technic of Semen Examination and IVormnl Values 

Reagents: 

1. ScirwD-dihiting floid: B gm. todlum blcttiboDate, 1 cc. formalin' and tOO cc. 

of dlitined water are mtsed thoroughly. 

2. Bolfercd waterr (pH 7.0) Prepared for use by mbdng 61.1 cc. of anhydrous 

disodlum phosphate M/15, 38.0 cc. sodium or potassium add phosphate 

M/15, and 900 cc. distill^ scaler. 
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3. Giemsa stain; 1 cc. Giemsa stock solution is mixed with 50 cc. of buffered 
water. This stain is made fresh every day. 

Gross Examination.— This includes a measutenaent of the total 
volume to which is added 0.6 cc. to cover the loss of the specimen on 
the sides of the container. A volume of 2 to 6 cc. is considered normal. 
Volumes as high as 12 cc. have been seen. The average specimen is 
opaque, grayish in color, and shows a mild degree of viscosity. If 
lifted with a stirring rod, semen of average viscosity tends to string 
between the surface of the semen and the hfted rod. Sometimes highly 
viscous material is present in masses of varying size. A normal alkalin- 
ity of pH 7 to 9 is consistently found, greater variation is rare. 

Microscopic Examination.— A full drop of the semen is protected 
with a cover slip and the following facts are noted: 

1. Motility of the Sperm— The semen should not be examined for 
sperm motility until at least one-half hour after ejaculation so that 
there is ho impediment to motihty by incompleteness of liquefaction. 
A fertile specimen presents a field teaming with actively motile sperm. 
Familiarity with the pictiue enables one to grade the activity and 
judge the percentage of motile cells. 

There is no thoroughly satisfactory method of making the estima- 
tion. A relatively accurate means has been recommended by Hotch- 
kiss:® 


"The percentage of motile cells is estimated by placing a disk in the ocular ( of 
the microscope) with one quarter area cut out This can easily be done by cutting 
out a roimd piece of black paper which will slip on the ring within the chamber 
of the ocular. For acciurate estimations the number of motile cells is counted in the 
quarter field when viewed for ten seconds. All of the cells, active and inactive, 
within the same field are then coimted. Each number is multiplied by 4 to deter- 
mine the number present in the entire microscopic field. Tire percentage of motile 
cells is easily computed by assigning the number of motile cells as the numera- 
tor and the total cells as the denominator." 

The degree of motility is expressed in terms of 0, 1-f, 2-t-, 3-f , or 4-f-. Thus 
the report contains a' statement such as 1 hr., motility 80%, 3-|-. 

In a normal specimen we may expect 3 plus to 4 plus motility of 
70 to 80 per cent of the sperm one hour after ejaculation. At room tem- 
perature a specimen three to four hours old should show 50 per cent 
or more spermatozoa \vith active progressive movement. The visibility, 
which is noted fom to five hours after collection of the specimen, 
should show little reduction in the activity of the sperm at room 
temperature, and normally some motility may be expected after as 
long as twenty-four horns. Additional notation is made of the foUovdng: 

2. Presence and number of epithelial cells.' 

. 3. Presence or absence of white and red blood cells. 

4. Any type of crystal formation. 

5. Bacterial contamination. 

In our o\vn series, 500 consecutive semen examinations from child- 
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less families were taken as a total sample for analysis. From these, 100 
patients were selected in whom the childlessness was e-tplainable on 
the basis of abnormalities found in the wife and no apparent abnormal- 
ity was present in the husband. Tests in the wives included vaginal 
smears, estimation of cervical pH, tubal patency tests and endometrial 
biopsies. 

For comparison 200 others were selected in which no abnormality 
was found in the wife. In ninety of the 100 “normaT husbands 4 plus 
motility was found in semen one-half to three hours old in over 60 per 
cent of the sperm present. In the "abnormal” husbands judged on this 
basis, sperm motility of the type mentioned was present in only twenty 
of the 200 men in question, or 10 per cent. 

Counting Technic.~Tbe specimen is thoroughly mixed, and a 1:20 
dilution with semen-diluting flmd is made in a white blood counting 


TABLE 1 

Nofuiai. Vaixiks in Scuen Examination ab Found by Vaiuoub iNTEsnoATona 


Author 

Amount 

(Volume) 

Motility 
(Per cent) 

Coonl 

Percentage 
of Nonnal 
Forma 

Webman 

2a&-5co. 

70 

' 100,000,000 

8S 

Meaker 

2-6 cc. 

70 

100,000.000 

85 

Cary 

3 5 ea 

60 

60-100,000.000 

80 

LantyHobdrls . . 

1 5-6 ca 

? 

' 50,000,000 

82 

Maxer and Israel 

4 ca 

90 

100,000,0(10 

80 

WUham and Simmons 

2-6 oa 


50-60,000,000 

78 

Poliak .... . . 

3-5 oa 


60-120,000,000 1 

70-80 

Hamhien 

2-1 ca 


60-120,000,000 

80 

McLano . . 

3-3.5 ca 

60-70 

60-120,000,000 

75 

Hotchkiss and MacLeon . 

3-4 ca 

50 

100,000,000 

80 


(Reprinted from Coafcrenco on Diagnonis in Sterility, ed. by E. T, Engle. Spring- 
fleid, Charles C Thomas, liM6, p. 17.) 


pipette. The counting chamber is filled, and the sjaerm are counted in 
the same manner as red blood cells. To compute the number of cells 
per cubic centimeter this number is multiplied by 1,000.(K)0. The num- 
ber of sperm in the ejaculate is found by multiplying by the total 
volume. The normal values vary greatly; however, 1 ca of the speci- 
men should contain between 50,000,0(X) and 100,000, (X)0 spermatozoa 
(Table 1). In our “normal” husbands in childless families mentioned 
above, counts of over 50,000,000 per cc. were present in 87 per eent 
of the men. 

Morphology of the Spermatozoa.~A thin smear of the seminal fluid 
is made and allowed to dry. Debris is removed from the slide by 
rinsing first in semen-diluting fluid and then in buffered water. The 
preparation is stained for twenty minutes in Giemsa’s stain and coun- 
terstalned for one second with carbol fuchsin. This method of staining 
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permits illustration of the head, midsection, and tail of the sperm. Other 
methods of staining are outlined by Hotchkiss. The percentage of 
normal and abnormal cells can then be computed easily. In our “nor- 
mal” husbands mentioned above more than 18 per cent abnormal 
forms •were present in only 5 per cent of the men. In the “abnormal” 
husbands over 18 per cent abnormal forms were present in 27 per cent 
of the men. 



Fig. 21a.— Normal, abnormal and immature forms of spermatozoa. 


Types of Abnormal Forms: 

1. Degenerate: granular degeneration of the cytoplasm, fragmented nucleus 

( head ) . 

2. Immature: usually recognized by cytoplasm attached belo^v tlie head. 

3. Teratologic: multiple heads, pin heads, large heads, multiple tails. 

Abnormalities Related to Diminished Fertility 

Fertility is diminished by specimens of abnormally low volume. It is 
also possible that specimens of very high volume may be impaired in 
fertility from the fact that the sperm .count, though normal in total, is 
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low per cubic centimeter due to dilution. If this proves to be the only 
abnormality In a childless couple, concentration of the sperm by cen- 
trifugation and artificial insemination might be a worth-while con- 
sideration. 

In some specimens addition of hyaluronidase plus centrifugation 
will produce a concentration of the sperm. For e.xample, one specimen 
tested in this way showed on the first count 64,000,000 sperm per cc., 
30 per cent of which were 4 plus motile in one hour. After centrifuga- 
tion the fluid near the bottom of the tube contained 308,000,000 sperm 
per cc. ^Vhen hyaluronidase was added and part of the specimen cen- 
trifuged the count rose to 628,000,000 per cc. Whether this method 
will prove useful as a means of increasing the value of specimens for 
artificial insemination remains to be detemuned by further experience. 

It is generally accepted that sperm counts below 50,000,000 per cc., 
less than 60 per cent motile sperm, and with more than 20 per cent 
abnormal forms have impaired fertility'. Pregnancy occasionally occurs 
when the hushand's sperm count Is lower than this. One of my patients 
had sperm counts ranging from 15.3 to 66 million. The motiOty was 
3 to 4 plus in 60 per cent in one hour. During treatment with pituitary 
gonadotrophin there was a reduction of abnormal forms from 36 per 
cent to less than 17 per cent, but no other improvement in the semen 
u'as noted. The svife became pregnant and tvas defivered of a normal 
child. A count done ten day's after the calculated date of pregnancy 
was only 18,300,000. The semen changes were so sfight that the result 
scarcely seems to be ascribable to the treatment. Such experience dem- 
onstrates the difiBculty of honest ex'oluation of such therapy and prob- 
ably should be considered merely to emphasize the fact that relatively 
infertile husbands may have children if they have highly fertile wives. 

TESTICULAR BIOPSY 

A recent method in the investigation of testicular function is testicu- 
lar biopsy. The older methods of testicular aspiration or punch hiopsy 
of the t^es having proved completely inadequate, these have been 
replaced by surgical biopsy of the testes. The procedure is simple and 
does not require hospitalization. It may be done xvith local or pref- 
erably under very short general anesthesia. The experience cited here 
is lirnited to surgical testis biopsies, the punch biopsy method having 
been discarded some years ago. Almost all of these have been done 
on our patients by Dr. C. C. Higgins. A small incision is placed in the 
scrotum, a small or angled Incision is carried through the tunica 
albuginea, the testis is squeezed, and the small amount of extruding 
testis tissue 1 to 2 mm. in diameter is grasped xvith iris forceps and 
snipped out xvith fine scissors. The Incision in the txmlca need not be 
sutured; eatgut Is used in the sldn so that no subsequent removal of 
sutures is necessary. Both testes are biopsled if possible. No compli- 
cations have been seen in any of the several hundred biopsies done In 
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____ 

Fig. 22.— Normal testis from a boy 8 years and 10 months of age. Note that the 
tubules are generally represented by solid cords, though a few small lumina may be 
seen. They are comprised generally of relatively small, dark staining cells with little 
cytoplasm. In the majority of the tubules there are several round cells, tliat are 
acidophilic ratlier than basophilic and measure 12 to 15 microns. The basement 
membrane is relati%'ely thin and islands of Leydig cells are not apparent. 
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my patients. Hematocele is known to occm". Normal testicular structure 
Is shown in Figures 22 and 23. 

An excellent sun’ey of the present status of this procedure is that of 
Chamey.’ In a surs’oy of biopsies on 308 patients he found normal 
spermatogenesis in forty-five. Of the remaining 263 patients there 
were developmental lesions in 18 per cent, degenerative lesions in 46 
per cent, infiammatory lesions in 36 per cent. 

The developmental lesions vary from complete absence of sperma- 
togcnic elements, in which no testis tissue is recognizable througli 



Fig. S4.— TestiJ biopsy In a routh agrd 18, height 66 Inches, weight 156 
poimda. Clinical diagnosis i adiposogenital dystrophy. There svas no history of 
mumps or any orchitis. Urinary IT-fcetoslcroIds 8.8 mg. F. S. H. less thrm 105 
m,u./24 hours. The tubules are hypoplastic and the basraent membrane is thick- 
ened Occasional spermatids and airerm heads may be seen Some tubules contain a 
few spermatogonia and spemrato^es, others consist almost exclusively of Sertoli 
ccHs. In many cases of this type, high urinary' gonadotrophins are present 

those in which the tubule contains only a mass of Sertoli cells (Fig. 
24) to changes in which primary but no secondary spermatocytes or 
spermatids are seen and borderline cases in wh(ch very mild degrees 
of arrested development are judged to be present. It is a remarkable 
sight to view the testes of a man with azoospermia and find a structure 
which appears normal in all respects except for slight spermatocyte 
disarrangement and absence of the last stage of maturity of the 
spermatids (Fig. 25). In some such instances many spermatids are 
present in the majority of the tubules but not a single mature sperma- 
tozoon is to be found. In such patients yvho have had a diagnosis of 
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adiposogenital dystrophy in adolescence, apparent anatomic improve- 
ment may have occurred, yet the semen may remain abnormal. In 
most of these the tubule is smaller than normal, the interstitial ele- 
ments appear relatively abundant in comparison, and thickening of 
the basement membrane may form a slight to an extreme change. 

Degenerative changes such as occur in various types of toxemia, 
vascular disturbances or pituitary deficiency also show great variety. 
In milder changes there is a suggestion of tubular shrinkage, various 
degrees of degeneration of the tubular elements with an increase in 



Fig 25 . — Testis from a man aged 31 with azoospermia. Urinary 17-ketosteroids 
10 mg., androgen assay, capon, 37 I. U., xudnary F. S. H. 212 to 318 m.u./24 hrs. 
The remarkable feature of this biopsy was that there are many spermatogonia, 
spermatocytes, some spermatids but no spermatozoa. A few tubules are comprised 
largely of Sertoli cells. The Leydig cells appear normal. 

intratubular cellular debris, swelling and vacuolization of the other 
spermatogenic elements. In many instances we have seen relatively 
normal testicular tissue in the presence of acromegaly. In Simond’s 
disease, however, extreme fibrosis may be present with almost com- 
plete disappearance of tubular elements. 

Inflammatory changes may be associated with signs of acute inflam- 
mation together with necrosis of the tubular elerhents or evidence of 
specific disease such as tuberculosis. More chronic changes are indi- 
cated by progressive thickening of the basement membrane to such an 
extreme degree that it may occupy more space than the remainder of 
the tubule. In some the degeneration of tubular elements advances to 
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Fig. 26 -TmIIs bloi«y to a man aged 24. wtoght 170 pounds, with prepuberal 
[typogonodisin with gynecomastia. Urinar)' IT-Jcctostcrolds 12.6 mg hn.. al- 
though it U es-ldent clinically that the androgens are low. Urinary F.'S. H. 212 to 
318 ni.u./24 hrs The testicular changes axe apparently tho result of mumps orchitis 
at tho ago of 8 years. The extreme fibrosis and the sclerosis of the tubules and tho 
fact that those containing cell outlines ore apparently remains of Sertoli cells is 
es-ldent. 

nTEATlilElVr OF STEIUhlTY IN MEN 

If several semen examlnnUonj show complete azoospermia and 
tcstieular biopsy reveals complete aspermocytogenesis, it may be 
prudent to abandon any plan of treatment of the husband. In instances 
of severe oligospermia or nspermia where testicular biopsy indicates 
normal spermatogenesis, relief of the obstruction may be considered. 
If this has been due to severe trauma or surgical injury to the ducts 
within the prostate or to congenital absence on part of the duct sys- 
tem, such means will probably be impracticable. If the obstruction is 
due to gonorrhea] epididymitis and its site can be well localized by 
such methods as epididymal aspiration and the injection of dye or 
radiopaque material into the vas deferens, vasotomy may be tried. 
This procedure has been reported successful in a suflldent number of 
patients to warrant encouragement. Hagner^ has reported cures in 
twenty-six of eighty-five patients In whom epidldymovasotomy was 
performed. 
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In the correction of deficient spermatogenesis there is no treatment 
which is worthy of much praise. 

If ciy'ptorchidism is present it should be corrected before the age of 
11 years if possible. A single testis, however, is usually adequate for 
fertility if other factors are normal, and repair of cryptorchidism has 
not been shown to repair the tendency toward either oHgospermia or 
neoplasm in these glands in the human. We have seen marked diminu- 
tion of spermatogem'c cells in the testes of a boy cryptorchid until the 
age of 16 years. 

Our experience has shown that some patients previously judged to 
have adiposogenital dystrophy and treated with chorionic gonadotro- 
phin may later have relatively severe oligospermia in spite of the fact 
that gross erddences of the previous diagnosis have disappeared. This 
suggests the possibility of some fault in testicular development. 

Varicocele and hydrocele if umepaired may lead to damage of 
spermatogenesis, but it is unlikely that much improvement can be ex- 
pected when severe damage to spermatogenesis has occurred. Local 
infections should be treated by die urologist by appropriate means 
ivith or without the aid of the sulfonamides or penicillin or other anti- 
biotics. General infections if present may be important, and obviously 
such metabolic or endocrine disorders as may be associated with 
pituitary disease or diabetes require appropriate care. Malnutrition, if 
associated ivith underweight, should be treated by a diet of suflBciently 
liigh caloric content to bring the weight to normal, and obesity i 
present should be corrected. It is not unlikely that excessive obesity in 
some cases may be intimately associated ivith faulty spermatogenesis. 

Though high temperatures and vitamin deficiencies, especially of 
wtamin E, have been abundantly shown to have serious deleterious 
effects in animals, there is almost no information to indicate that such 
factors are important in the human, I have personal knowledge of 
five men whose wives have had children or are pregnant since the 
husbands returned from army service. These men were subjected to 
severe malnutrition and vitamin deficiencies for nearly two years in 
a Japanese prison camp. In spite of such information, when the nutri- 
tional history is poor and metabolic demands have been great, and 
when the ohgospermia cannot be adequately explained it is probably 
good practice at the present time to be certain that the patient re- 
ceives more than the adequate amount of vitamins A, B and E. 

The use of thyroid is generally considered worthy of a trial if the 
metabolic rate is low and the low rate of probable thyroid origin. 
Anxiety and fatigue should be eliminated, and a healthy, well bal- 
anced regimen of living arranged. 

Sex Hormone Therapy.— Sex hormone therapy for sterility in men 
has fallen far below original expectations. This is due partly to 
the fact that diagnosis is usually inadequate, and treatment is tried 
when no endocrine cause for the abnormality has been demonstrated. 
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This is not the only reason, however; probably a more Important one 
is the fact that the disorder in many Instances is irreversible. Tesh’co- 
lar biopsies are of great assistance in the proper selection of such 
patients for treatment 

Sex hormones to bo considered in therapy are: (1) pituitary gon- 
adotrophin (pituitary gland extract), (2) equine gonadotrophin 
(pregnant mare’s serum extract), and (3) chorionic gonadotrophin 
(human pregnancy urine extract). 

The extreme paucit)' of good reports on production or maintenance 
of spermatogenesis svith any of the above preparations makes it ap- 
parent at once that their over-all clinical value is limited. Occasional 
good reports on some of them, howes'er, appear to be bona fide. At the 
present time any erndence of improvement ascribed to treatment must 
be viewed cridcaUy. Increases in sperm coimt may be due to a change 
in general health, such as recovery from infection. The occiurence of 
pregnancy during treatment with gonadotrophins may not be asso- 
ciated with an adequate shift in sperm production to wammt the 
conclusion that treatment was the cause of conception. The most con- 
vincing responses are those in which repeated semen examinations 
show consistent and sustained rises in sperm population to a level ap- 
proaching normal, especially if a subsequent fSl follows withdrawiil 
of treatment. 

Theoretically, the most promising of these substances is pituitary 
gonadotrophin. If the preparation is made from horse pituitary extract 
the possibility of allergic responses should be checked by appropriate 
tests before treatment is begun. It may be used in doses of 100 to 500 
international units dally or on allemate days. It should be kept in 
min d that the good effects of treatment if continuous may be impaired 
by the formation of antihormones. Howlands® demonstrated the de- 
velopment of andgonadotrophlc hormones in the sera of patients 
treated with pregnant mare’s serum extract. Others have failed to show 
such an effect; for example, Saphir" and Fellows’ failed to detect anti- 
gonadotrophic effects in the sera of humans treated with pregnancy 
urine extract. , 

This material may be given alternately with the chorionic gonado- 
trophin 500 to 1000 LU. so that each is received on alternate days or 
each is given daily in alternate weeks. 

Equine gonadotrophin (pregnant mare’s serum extract) In doses of 
1 cc. per day may be tried. ’This material should be tested for allergic 
properties before it is given. It is probably unwise to use it continu- 
ously for more than three weeks at a time svithout a rest period of one 
to hvo weeks, during which time chorionic gonadotrophin may be 
used if desired. Becently it has been our practice to employ pituitary 
or equine gonadotrophin only when testIciJar biopsy demonstrates 
’sufficient functional spermatogenic tissue to make.a good result appear 
within reasonable hope. Courses of three weeks are usually used, each 



88 


E. PEHBY MCCULLAGH 


course ending at a time calculated to be just past a normal ovulation 
date. Testosterone has found no place in the treatment of infertility in 
spite of the fact that it is capable of maintaining spermatogenesis in 
hypophysectomized animals.® Large doses are known to depress sperm 
counts,®’ but it is doubtful whether or not this occurs with such 
doses as are usually employed.® Pregneninolone has been suggested 
for use by Masson, but its place in chnical practice has not been 
established. 
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EVALUATION OF ADRENAL CORTICAL FUNCTION IN MAN 


ELEANon H Venning, M Sc., PilD * 

The exteiiike exiimmentnl shidici of the last fifteen years lia\e re- 
vealed the important role the adrenal corle.i: plajs hi many physi 
ological processes The application of this knowledge to clinical 
medicine has been somewhat delaserl owing m part to the lack of 
sntisfnctorj methods for the esaluation of adrenal function Until lerj 
recently the mimfestatlons of disorders in adrenal function could onij 
be ascertained bj tbe association of inetalxihc disturbaucc-s with gross 
pathologiuil changes in the gland obsencrl at operation or at post 
mortem esamniation It ivns bv tins nielhod tliat tlie relationship of 
Addison s disease and the adrenogenital sjaidrome to conditions cans 
mg hviiofimcbon and lu'iicrfnnction, rtspecintly, of the iidrenal gland 
was established In mans patients, however, all the features of a par- 
Uctilar syndrome koowai to be associated with abnormalit)’ of adrenal 
funchon may not be present and iii them it is usually only bv infer 
ince that malfunction of tliis gland can be considered to account for 
the clinical findings Also different adreunl functions may be disturbed 
quite independently of one another and clinical 0101110000 does not 
alwaiys allow one to detennme which one is at fault, nor does it permit 
a quantitatiie measuronient of the disorder 
Various aspects of metabolism as well ns the chagiiosls imd treat- 
ment of disorders of the adrenal gland liaie been renewed in these 
clinics and metliods of cinlualing adrenal function liaio also been dis- 
cussed It IS chielly tlic purpose of this paper to consider some of the 
methods that liaie liecn developed recently for the measurement of 
adrenal cortical substances and to discuss tlieu application to clinical 
medicine Otlier methods of evaluating adrenal function, which ha\e 
been preidoiisly discussed m Uicse clinics, will lie referred to only 
briefly 

FUNCTIONS OF TOE ADEENAL CORTEV 
A great lariety of functions hn\e lieen attnbuted to tlie adrenal 
cortex For clinical piiqioses it is useful to classify them into tlirce 
major groups (1) regulation of water and clectrolvte metabolism 
(2) regulation of carboliyalnite and protein metabolism, (3) prodne 
tioii of sex hormones 

Eiidcncc 1ms nccnmulated 111 recent years to show’ that these func- 
tions of the adrenal gland can be associated witli different tyyies of 
adrenal hormones elaborated by the cortex The isolation of numerous 
compounds from extracts of the adrenal gland has established tliat the 

From tl« McGill Uiilwixity Clinic, Royal Victoria Hospital. Montreal, Cimndu 
' AssLstnnt Professor of Medicine, McGill UniiTrsitj, Montreal, Canada. 
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active hormones of tliis gland are steroids. At least twenty-eight such 
chemically pure and char acterized steroids have been isolated. Not all 
of these have so far been sho\TO to possess biological actiwty. At least 
six of tlrese hormones are capable of maintaining the life of the adre- 
nalectomized animal. Undoubtedly there exist stiU other potent hor- 
mones in the cortex which have not been isolated, since tire amorphous 
fraction which remains after tire removal of numerous crystalline hor- 
mones still possesses marked activity in maintaining the adrenalecto- 
mized laboratory animal. These steroid hormones can be classified 
according to tlieir biological activity into three groups which cor- 
respond to die du'ee main functions of the adrenal gland as aheady 
oudined. 

1. Compounds which aflFect water and electrolyte metabolism, such 
as desoxycorticosterone and die “amorphous fraetion.” 

2. Compounds which affect carbohydrate and protein metabolism. 
These are corticosterone, dehydrocordcosterone and dieir tivo 17- 
hydroxy derivatives. 

3. Steroids with the properties of the sex hormones. In diis gioup 
fall the androgens, die estrogens and progesterone. 

METHODS FOR EVALUATING ADRENAL FUNCTION 

Tliere are a number of laboratory procedures which may be used as 
aids in the diagnosis of states of hypo- and hyperfunction of the 
adrenal cortex. Some of these consist of measurements in blood or 
urine of die compounds secreted by die adrenal cortex or of their 
metabohc products, while others include the use of various metabolic 
indications such as disturbances of electrolyte and carbohydrate 
metabolism wliich have been shown to be influenced by adrenal 
cortical function. An outiine of the various tests which have been 
used for determining adrenal function are listed in Table 1. 

Electrolyte and Water Metabolism.— In both e.xperimental animals 
and man, adrenal insuflBciency is characterized by a failure of the 
kidney to retain sodium chloride and to remove potassium from the 
body. Consequent upon tiiese inabflities to regulate electrolyte metab- 
olism are corresponding changes in extracellular fluids. Some of die 
methods in use for evaluation of this particular function are die deter- 
mination of die concenti-ation of sodium, potassium and chloride in 
the serum. These estimations are of only limited value in die evalu- 
ation of adrenal function, for it is only in die acute phases of adrenal 
insufiiciency that there is likely to be a decrease in die concentration 
of sodium and chloride and an increase in die level of potassium, and 
other conditions such as dehydration and salt loss, which occur in 
vomiting, may result in these changes. It might be expected that in 
conditions of overfunction of die adrenal cortex the electrolyte changes 
in die blood would be the opposite to diose obsen^ed in states of 
adrenal underfunction. Only rarely, however, is this observed. This is 
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probably due to tbe fact that not all conditions of byperfunction of 
the adrenal cortex result in an excessive secretion of those hormones 
which regulate electrolyte metabolism. 

The water diuresis test proposed by Robinson and associates of the 
Mayo Clinic has been e.\tensively applied as a means of determining 
the presence or absence of adrenal insufficiency in patients in whom 
Addison’s disease was suspected. Additional Information can be ob- 

TABLE 1 


OcTUNE OP Tests poe Deteixmimno Aorknai. Function 



irvpofunctlon 
(Add»on'« Dfsca^) 

H>'pcTfuncUon 


1 Adimogcnitnl 
! Sj'iidromo 

t Cuahing’s S>Tidromo 

I. Eloclrolj-to and 
Wolcr Mcl- 
nlwlbim 

Gonccnlmtion of 
«mim sodium, po- 
tosslinn and chlo- 
ride 

Water test 

Water test cora- 
hirted with urea 
and chlorldcclcar- 
OJKC 

Qilorido excretion 
durinff period of 
salt restriction 

i 

1 

Concentration of so- 
nini cliloridr and 
hlcnrljonale. 

IL Cnrlwljydrato i 
Metaloliitm 

1 

Glucose lolpfoncc 
teat 

Insulin scasUlrity 
lost 

Excretion of ghco- 
gcnlo corticoms 

Excretion of fdyco- 
genic coftIcolM 

Glucose lolcranro 
test 

Insulin senjdtivil> 
test 

Excretion of pl\co- 
pcnic corticoids 

Iff. Productfon ofl 
Sex Hor- 
mones 1 

Excretion of I7-fce- i 
tofilcrold? 

Excretion of I7-kp- i 
toalcroids 

natio of a to /9 17- i 
kcloatcroids 

Excretion of e«lro- 
ffcns ^ 

Excretion of prep- 
nandlol i 

Excretion of 17-bo- 
toatfToids 


tained with regard to 6160^01)16 balances if the procedure of Robin- 
son, Power and Kepler' is carried out during the water test Cutler, 
Power and Wilder" have suggested another test for the detection of 
hypofunction of the adrenal which is based upon the fact that patients 
with Addison’s disease continue to lose salt in the urine e\’en when 
the intake of sodium cliloride is restricted. At present there are no 
methods available for detecting in blood or urine those hormones 
which directly affect electrolyte and water metabolism. 
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Carliohydrale anil Protein Metabolism.— Extensive research on 
experimental animals has revealed that the adrenal cortex has also a 
direct influence on carbohydrate and protein metabohsm. Administra- 
tion of adrenal cortical hormones to adrenalectomized animals results 
in an increase in blood sugar and liver glycogen. This is partly due to 
an increased catabohsm of protein and also to an inhibitory effect of 
the adrenal steroids on the oxidation of glucose in the peripheral 
tissue. The amino acids derived from the breakdown of tissue proteins 
yield residues which after deamination may form glucose or be utilized 
in some other way. 

The adrenal cortical compounds tliat have been associated with the 
regulation of carbohydrate and protein metaboHsm are the group of 
substances knovm as the “corticosterones.” They all possess an oxygen 
atom on C] ] and have the ability to cause gluconeogenesis. It has 
been shoum in man that tliere are substances excreted in the urine 
which have the same biological activity as the corticosterones, i.e., they 
are capable of prolonging the life of adrenalectomized animals and 
will cause an increase in liver glycogen when administered to fasting 
adrenalectomized animals. Recently tlie measurement of these urinary 
metabolites has been used as an index of the actixoty of the adrenal in 
regulating carbohydrate metabohsm. Several methods have been jiro- 
posed for tlie assay of these hormones,®- ■*- “ and all are based upon 
the effect that tliese substances have upon the deposition of glycogen 
in tlie livers of adrenalectomized animds. 

As in the case of all studies of excretion products of hormones, there 
are numerous factors which affect the level of excretion other than tlie 
actual amount of active substances in the gland. The quantity of active 
substances found in the urine is relatively small and probably in no 
way indicates absolute amounts of corticoids elaborated by the gland 
itself, but large numbers of assays carried out in our laboratory, and 
by others, suggest that tlie variation in excretion of tliese active sub- 
stances reflect the activity of the adrenal gland. This bioassay measures 
only tliose compounds xvhich possess tlie propert)-^ of affecting carbo- 
hydrate metabohsm and xvill not detect changes in adrenal function 
affecting compounds having androgenic actixdty which do not possess 
this property. Using this metliod as a means of evaluating carbohy- 
drate function, Venning and Broxvne''- ® have reported findings on a 
series of cases with endocrine disorders. These will be discussed in 
detail later. 

Colorimetric procedures based upon tlie reducing properties of ad- 
renal steroids have been developed by Talbot and co-workers® and 
by Heard and Sobel.^® These chemical methods may include metab- 
olites of adrenal hormones which are not active in tlie biological test 
and all give higher values. A correlation of their results with clinical 
findings suggests tliat these chemical procedures are measuring the ex- 
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cretion of adrenal compounds concerned with the regulation of carbo- 
hydrate function. 

The glucose tolerance test and the insulin sensitisdty test have been 
used extensively ns an index of hypo- or hyperfunction of tlio adrenal. 
These are indirect measurements whicli may be affected by other 
glands and other factors. Hypoglycemia and increased glucose toler- 
ance is frequently associated with Addisons disease, although normal 
adrenal carbohydrate function can e.xist at the same time with dis- 
turbed electrolyte and water metabolism. In hyperfunction of the ad- 
renal, two distinct types are recognized. They are the adrenogenital 
syndrome and Cushing’s syndrome. In the former the hyperplastic 
adrenal corte.x or the adrenal tumor is producing excessive amounts 
of those sex hormones which are androgenic in action. Accordingly, 
the changes observed are those of virUizadon. In Cushing’s syndrome, 
on the odier hand, many of the manifestations of the disease appear 
to be the result of over production of those hormones which regulate 
carbohydrate and protein metabolism. In this syndrome the glucose 
tolerance is impaired and Insulin resistance is found. 

Androgenic Function of Adrenal, IT-Kclosteroids and Andro- 
gens.— ’The term 17-ketosteroid was originally applied by Callow, Cal- 
low and Emmens (1936) to a group of steroids found in urine whicIi 
have a ketonic group at the seventeenth carbon atom and a free 
methylene group. These steroids give a characteristic pink color ndth 
alkaline dinitrobenzene, a reaction described by Zimmerman in 1935. 
Many modifications of the Zimmerman reaction are in use in various 
laboratories for the assay of these compounds. Recently a new color 
reaction which is specific for certain of the 17-ketosteroids has been 
developed by Pincus (1943). 

Some of the 17-kefosteroids have androgenic properties and biolog- 
ical methods have been used for determining tlie androgenic potency 
of urinary steroids. Because the colorimetric tests measure both active 
and inactive compounds, results obtained by the former are always 
greater than those obtained by the bioassay. 

Most of the clinical observations suggest that the adren.als are the 
principal source of the urinary 17-ketosteroids and the androgens. In 
the male, part are also derived from the testes. Fraser and co-workers^ 
concluded that tsvo-thirds of the 17-ketosteroids in male urine are of 
adrenal origin and one-third .arc from the testis, while those present in 
female urine are considered to be metabolites of only adrenal hor- 
mones. 

’The adrenal precursors of these substances have not ns yet been 
identified, but it is generally believed that they are concerned svith 
the androgenic function of the adrenal and have an anabolic effect on 
protein metabolism. In hypofunctlon of the adrenal gland due to Addi- 
son’s disease there is a decrease in excretion of 17-ketosteroids. Simi- 
larly losv values are found in cases of panhjrpopituitarism. 
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In cases of simple hirsutism, die 17-ketosteroid excretion may be 
normal or shghtly increased, whereas in patients witli adrenal cortical 
hyperplasia or adrenal cortical carcinoma an abnormally high excre- 
tion of 17-lcetosteroids is usually found. 

Talbot and co-workers” have suggested that the differentiation of 
17-ketosteroids into a and /3 fractions may be of diagnostic value. They 
found that tlie /?-17-ketosteroids were elevated in patients witli adrenal 
cortical carcinoma whereas in cortical hyperplasia this fraction was 
either normal or shghtly elevated. Dobriner and co-workers, using 
chromatographic methods of fractionation of urinary steroids, find that 
not only the amount but also the type of 17-ketosteroid excretion is of 
significance in certain disorders. 

STUDIES ON THE EXCRETION OF GLYCOGENIC CORTICOIDS AND 
17-KETOSTEROIDS IN ENDOCRINE DISORDERS 

A study of the excretion of glycogenic corticoids and 17-ketosteroids 
in a series of normal individuals and in various endocrine disturbances 
has been carried out in our chnic. The results are shown in Figure 27. 

With a measurement of these two groups of metaboHtes of adrenal 
hormones, tlie activity'’ of b,vo different aspects of adrenal function in 
tlie same individual can be determined. The amounts of glycogenic 
corticoids excreted per day are of a much smaller order than the 17- 
ketosteroids. An average of 60 microgram equivalents of 17-OH-ll 
dehydrocordcosterone is excreted per day by normal men, whereas 
normal women excrete approximately one-third less. Similar variations 
in the daily output of tlie corticoids and 17-ketosteroids were seen but 
the fluctuations in the excretion of these two types of adrenal metabo- 
lites did not necessarily parallel one another. Little or no corticoids 
are found in the urine of the newborn child, although large amounts 
of tliese active substances are excreted by the pregnant woman in the 
last trimester of pregnancy. In tlie grovwng child, the maximum level 
of excretion of corticoids is attained around seven years. On the 
other hand, the 17-ketosteroid excretion increases at a slower rate, 
only reaching adult levels at pubertxL 

Among the various cases of disturbances of adrenal function which 
have been studied, tlie majority of patients with Addison’s disease 
showed a marked decrease in tlie output of both 17-ketosteroids and 
urinary corticoids. In a few instances, however, a normal output of 
corticoids was found associated widi a decreased output of 17-ketoste- , 
roids, thus suggesting the possibility of having hypofunction of one 
aspect of adrenal metabolism witliout affecting the other functions. 

In cases of panhj'popituitarism a marked lowering of the e.xcretion 
of botli adrenal metabohtes is found. In several cases of anorexia 
nervosa where the h)'pofunction of tlie adrenal gland has been re- 
garded as occurring as a consequence of tlie malnutrition, tlie 17- 
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Fig. 27.— Excretion of glycogenic corticold* and 17-ketosterotds In normal indi- 
viduals and in patlenti \vlth adrenal dUturbonces. (J. Clin. Endocrinol., 7:79, 
1947). 


increased, while the 17-ketosteroids were either normal or only sb'ghtly 
elevated. In these coses the degree of impairment of the glucose tol- 
erance cun'e did not always parallel tlie increase in corticoid excre- 
tion. In cases of adrenal hyperplasia and tumor reported by Dobriner, 
both the 17-ketosteroids and corticoids were increased. 

The results of these studies indicate that it is possible that the three 
main types of adrenal cortical function may \Tiry independently of one 
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anotlier, so that the clinical signs and symptoms produced and tlic 
metabolic findings may vary, thus leading to a variety of syndromes all 
associated with h>'per- or hj'pofunction of the adrenal cortex. 

Other Factors Influencing the Output of These Substances.— The 
ex-periments of Selye and otliers have shown that one of the earliest 
responses of the organism to toxic agents or trauma is hypertrophy of 
the adrenals. This can be observed in man by following the excretion 
of the adrenal metabolites. Following trauma, such as fractures, bums, 
surgical operations or infections, th^re is an immediate rise in the ex- 
cretion of the glycogenic corticoids. This increased excretion of adrenal 
metabolites is maintained from five to fifteen days depending some- 
what upon the severitj' of the damage and then returns to normal 
levels. A temporarj' rise in 17-ketosteroid excretion is frequentiy ob- 
sei-v^ed. Strenuous muscular exercise nill also cause a marked increase 
in output of tlie corticoids. 

Excretion of Pregnandiol and Estrogens.— The presence of preg- 
nandiol in tlie urine of virilized women in whom the ovarian func- 
tion is completely suppressed, is an indication of hyperfunction of the 
adrenals. This substance has been shown to be a metabolite of proges- 
terone and desoxycorticosterone and both these compounds have been 
isolated from the adrenal cortex. Considerable amounts of this sub- 
stance have been found in the urine of patients \vith adrenal hyper- 
plasia or adrenal tumors of the virilizing t>q)e. Several cases have been 
reported in which adrenal tumors were associated with increased ex- 
cretions of estrogens. This is not a consistent finding; however, the 
presence of large amounts of estrogen and the lack of gonadotropins 
may be of diagnostic value in evaluating adrenal function. 

SmiMARY 

The metliods in use for the evaluation of adrenal function have been 
rewewed wth special emphasis on tlie measurement of urinary gly- 
cogenic corticoids as a means of determining disturbances in tlie car- 
bohydrate function of the adrenal. 
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THE PHYSIOLOGICAL BASIS OF HYPOGONADISM 
IN THE MALE 

Waiuien O. Nelson, M.Sc., Pd.D.* 

The term hypogonadism by common definition and usage lias comt 
to be regarded as relating only to a state of reduced endocrine actisdty 
of tlie gonads and it is customary' to envision an individual of eunucli- 
oidal physical proportions and retarded sexual development ns typify- 
ing tlic hypogonadal state. The eoe.xistence of hypogonadism and 
eunuchoidism is, of course, not uncommon, but the latter is by no 
means a constant concomitant of the hypogonadal state. In males it is 
only tliose individuals whose testicular failure occurs prior to or early 
in the pubertal period who show tlie various stigmata of the eunuch- 
oidal state— underdeveloped genitalia, high-pitched voice, scarcity of 
facial and body hair and eunuchoidal physical proportions. Fnrther- 
more, cunuclioidism occurs only in those men whose testicular failure 
includes or is confined to its endocrine activity. Thus it is essential at 
the outset of any discussion of our present knowledge of hypogonadism 
to call attention to the fact diat underfimction of tlie testis may involve 
impairment of the production of germ cells only, decreased secretion 
of testicular hormone only', or a combination of the tw'O. If the gameto- 
geru'e function only is involved the sole manifestah'on of tlie hypo- 
gonadal state is impaired fertility'. 

It is important tliercforc to realize that die hyiiogonadal state actu- 
ally may be diWded into a number of rather distinct categories.* Tliese 
depend on the age at wliich die testicular defect occurs and on the 
tesUcular function which is Impaired. A correct classification should 
also take into account whedier or not die failure is primary to the 
testes or is duo to inadequate stimulation of die testes by the hypo- 
physial gonadotrophic hormones, l.c., secondary testicular failure. Most 
students of the problem now agree that the anterior lobe of the hy- 
pophysis secTCtes two hormones which ore intimately concerned with 
testicular function. The so-called follicle-stimulating hormone (FSH) 
stimulates die maturation of germ cells in' the seminiferous tubules 
while the interstitial cell-stimulating hormone (ICSH) Is necessary for 
the proper function of the interstitial cells of Leydig in the production 
of androgenic hormone. Failure of the hypophysis to secrete adequate 
amounts of either or both of these factors is reflected in impairment of 
die respective target tissues. 

Certain laboratory procedures are of primary importance in proyi- 

• rmicssor of Anatomy, State Unhmily of Imva Collcgo of ^fcfiic^^o, lown 
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erly diagnosing the various types of hypogonadism. Gross examination 
of the testes and sex accessorj' organs and characters, study of semen 
samples and examination of the patient's physical proportions and 
characteristics are useful, of course, and should be made in each in- 
stance. However, these measures frequently reveal little or nothing as 
to the precise nature of the gonadal defect nor do they ofFer an en- 
tirely secure basis for proper therapeutic procedures. We have found 
that the combination of testicular biopsy and assay of urinary gonado- 
trophins usually pro\'ides tlie additional information which is needed 
for complete diagnosis. The urinary gonadotrophins alone will seix'e in 
most instances to differentiate between primary and secondary failure 
of tlie testis. Patients whose pitm'taries are producing inadequate quan- 
tities of tlie gonadotropliic factors show low titers of urinary gonado- 
trophin while men whose hj'pogonadism is due to primarj' failure of 
the testes have higli levels of urinarj' gonadotrophin. On the basis of 
this assay it is usually possible to predict whether treatment Nvith 
gonadotrophin has even a reasonable chance for success or whether 
treatment Avith androgenic hormone pro\udes tlie only means of cor- 
recting the physical stigmata of hj'pogonadism. Ex-perience has shown 
tliat men whose lei'^els of urinary gonadotrophin are high rarely re- 
spond to treatment nrith such preparations of gonadotrophin as are 
available. This is not surprising since they do not respond to their own 
hjqiophysial hormones.-- ^ 

Of even greater diagnostic value is the testicular biopsy. This rela- 
tively simple procedure^' ® reveals the precise character of tlie 
deficiency and its dependability urges its use as a routine procedure 
in all instances of hypogonadism in which surgical procedures for re- 
lief of obstructed efferent ducts or therapy vfith gonadotrophins are 
under consideration. Useful information from tlie standpoint of the 
endocrine function of tlie testes is achieved through a study of tlie 
urinary' levels of 17-ketosteroids and estrogens, but their value from a 
diagnostic or clinical standpoint is not commensurate with the tech- 
nical difficulties. Furthermore, the participation of the adrenal cortex 
in the production of 17-ketosteroids and estrogens must always be con- 
sidered. Tlie combination of testicular biopsy and assay for urinary 
gonadotrophin together vith physical examination furnishes adequate 
information for diagnosis and treatment. In instances of low spenn 
count die biops}' will rei-eal whether or not tlie germinal epithelium is 
producing sperm or is capable of responding to treatment with gonado- 
trophins. Such information pro\ades an intelligent and accurate basis 
for considering or dismissing operative procedures or therapy with 
gonadotrophins, as the case may be. 

As noted earlier in this discussion Iq-pogonadism may be classified 
in two principal groups, viz., gonadal deficiency stemming from de- 
fects of the testes and testicular failure due to inadequate secretion of 
hj-pophysial gonadotrophins. Various subdirisions of tliese may be 
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recognized on the bases of the nature of the defect, the testicular coni- 
[>onent ufiich is iniolvcil, and tfie ago at ivhich the defect appeared. 

I. rniMARY FAILURE OF THE TESTES 

In cases of this t)’pe the hj-pophysis, with rare exceptions, is produc- 
ing at least normal amounts of gonadotrophin, but lor one reason or 
another the testes foil to function normally. The defect may be in 
eitlier or both testicular components and may occur prior to puberty, 
during the pubertal years, or at any age thereafter. The time at whicli 
failure occurs determines to a considerable extent tlie effect ujmn the 
indixiduah 

A. Failure of the Tcilea Prior to or Early in Puiierty.— 1. Failure 
Inoohlng the Gan)etogenlc and Endocrine Functions of the Testes.— 
In cases of this group tlie testes are either absent or if present are 
small and usually soft. Included under thii heading are instances of 
congenital absence of tlie testes and of traumatic atrophy.- Cases of 
the latter tj-pe are seen most commonly as n sefjuel of faulty surgerj' 
for conditions of cryptorchidism. Inflammatory disease of tlie testis may 
so seriously damage the organ that recovery does not occur and both 
sterility and deficiencies of androgenic hormone are apparent later if 
the destnictive lesions are bilateral. However, inflammatory diseases 
are apparently not ns lijcely to cause permanent damage to the pre- 
pubertal testis as they are to the gonads of older individuals. Mali^ant 
disease of tlie testes may occur in yxiung boys, but it is more commonly 
seen during Inter life. We have seen a few instances of gonadal failure 
which seemed to be explained best on the basis of a constitutional de- 
fect of the gonadal tissue. In such Instances the gonadotrophin lex'cls 
are low or normal and the testes fail to resyiond to treatment with 
gonadotrophins although biopsies reveal that a response may be e.x- 
pected. Indeed, the testicular tissue resembles that seen in cases where- 
in the testes fail to mature because of inadequate stimulation by 
gonadotrophic hormone. The so-called Klinefelter sjmdrome which is 
also believed to arise as- a result of constitutionally defective gonadal 
tissue may also make its appearance at the onset of puberty. This syn- 
drome is considered in more detail under B,l, since it appears to be- 
come manifest more commonly at a somewhat older age. 

2. Failure of the Canietogenic Function Only.— Some of the etiologic 
factors which are responsible for complete prepubertal failure of tlie 
testes may operate to impair gametogenic function only. Faihue of 
testicular descent, inflammatory disease and defective germ cells are 
each responsible for instances of Impairment of the spermatogenic 
actix'ity of tlio testes. For a time, at least, in such cases this function 
only may be affected. 

3. Failure of Endocrine Function O/ify.— Theoretically one might 
expect to observe instances of failure of the mesodermal elements, 
which normally differentiate Into Leydig cells and produce androgen 
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when properly stimulated by ICSH, to occur independently of failure 
of gametogenic function. However, I have not encountered such cases 
nor am I av'are of reports of such a condition. There is a very strong 
possibility tliat the condition does not exist since there is considerable 
evidence which indicates tliat androgenic hormone may play an im- 
portant role in the normal function of tlie seminiferous tubules.® If 
such proves to be b'ue it is likely that normal spermatogenesis would 
not occur in the absence of proper function of the Leydig cells. 

B. Failure of the Testes During Puberty or tlie Early Post- 
pubertal Years.— 1. Failure of Both Endocrine and Gametogenic Func- 
tions. —Testicular failure during puberty or the early postpubertal 
years arises from much the same factors as described for earher fail- 
uie, with tlie exception of congenital absence of tire testes. In size the 
testes may be somewhat larger than in cases of prepubertal failure, but 
tliey rarely approach tlie pormal in size or consistency. As far as the 
condition in tlie testes themselves is concerned, the chief difference is 
some evidence tliat testicular function had undergone at least a transi- 
tory period of activity. The presence of differentiated germ cells, sem- 
iniferous tubules which are larger, and evidence of some degree of 
actiidty in the Leydig cells, all are indicators of the fact that the testes 
have had a period of more or less normal function, Tliese conditions 
may not be strikingly eiddent particidarly if the biopsy is not obtained, 
as is frequently 'the case, for some years after the onset of failure. In 
such instances the best clue to the age at which the defect made its 
appearance hes in tlie physical characters of the individual. 

When failure of the Leydig cells does not occur until puberty is 
underivay or completed tlie patient shows development of physical 
proportions and secondary^ sex characters commensurate with such 
physiological age. It is, of course, true tliat evidence of deficiency of 
androgenic hormone may be present in such individuals, but the pic- 
ture is never that seen in tliose cases in whicli failure occurs before 
puberty. Gynecomastia, too, is seen in many of tliese individuals wliile 
it is usually not present in instances of prepubertal failure.® In either 
case sterility is an inevitable and usually irreversible consequence. If • 
failure does not occur until siiermatogenesis is well established some 
tubules may continue a form of spermatogenesis for a considerable 
length of time altliough the germinal epithelium is disorganized and 
many of the spermatozoa which are formed are abnormal. Aside from 
those causes of failure which are prone to cause rapid involution of 
testicular tissues, such as inflammatory disease, faulty surgery or trau- 
matic damage, the principal factor involved in cases of testicular fail- 
ure which occur during or shortly after pubert)' appears to be a 
constitutional defect.” Tlie latter tynie of failure was first described by 
Klinefelter, Reifenstein and Albright*” and studied further by Heller 
and Nelson.®' ”• 

Primary testicular failure occurring after tlie onset of tlie striking 
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changes which take place at puberty may be properly regarded as a 
destructive lesion whether the cause is inflammatory disease, trauma 
or constitutional defectiveness, since the constant picture is one of 
widespread involution of tire testicular components. In every instance 
which has come to our attention before the destructive changes have 
caused complete atrophy of tlie tubules and Leydig cells the seminif- 
erous tubules appear to have been affected first while the Leydig cells 
present a variable picture. They may sliow relatively little cliange 
from the normal, particularly if the testis is raamlned soon after tlie 
atrophic condition is presumed to have had its onset, or they may 
present a picture of widespread involution to more primitive types of 
connective tissue elements. Perhaps the vascular changes which ac- 
company or follow atrophy of tlie seminiferous tubules have a de- 
leterious effect upon tlie Leydig cells, hi any event more often than 
not the intertubular cell population shows a marked decline in the 
number of elements which by cytologic critcrin“' are regarded as 
functional Leydig cells. In cases of this group in which serial biopsies 
have been procured, tlie later samples have shown progressive involu- 
tion of the Leydig elements. 

2. Failure of the Gametogcnic Function Only.— As noted above, it 
is spermatogenesis which usually suffers earliest and most acutely in 
primary testicular failure arising after tlie onset of puberty. Indeed, In 
some instances in whicli the testes are examined early enougli one can- 
not be certain that involutionary changes have extended to the Leydig 
cells to a significant degree. Perhaps the case of the undescended 
testicle is veiy much to the point in tin's regard. Although it is com- 
monly believed that this condition does not uiterfere with function of 
the Leydig cells there is a considerable body of evidence which indi- 
cates that the production of androgenic hormone is reduced particularly 
in instances where Iwtli testes have remained undescended for long 
periods of time.'’- Nevertheless it is reasonable to classify the 
liypogonadlsm whicli arises from failure of the testes to descend into 
the scrotum under the present heading since such gonads are probably 
morphologically normal until puberty'. At that time tlie seminiferous 
tubules are unable to respond to the rising level of gonadotrophin al- 
though the Leydig cells are stimulated to produce androgen. 

In undescended testicles” obtained during or soon after tlie pubertal 
period the Ley'dig cells appear to be cytologically normal. However, 
in other instances in which the testes were studied ten or tiventy' years 
after puberty the number and cytological appearance of the Leydig 
cells have been regarded as indicating lessened production of androgen. 
In other instances of primary failure of gametogenic activity, due to 
inflammatory disease, tlie L^dig cells may remain morphologically 
normal and the individuals- present no evidence of androgenic iiisuf- 
ficiency. Indeed, the edent of tubular damage may be quite variable \ 
in accordance with theinltniber of tubules whicli were damaged and* I 
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the regenerative capacity of the germinal epithehum. The capacity 
for repair varies considerably from tubule to tubule as has been shown 
in the case of testes returned to tlie scrotum after having been anchored 
in the abdominal cavityd’* 

3. Failure of Endocrine Function Only.— The remarks which were 
made under A, 3, are equally applicable here. Although it is entirely 
possible that tliis condition may occur, we have not seen an instance 
of Leydig cell impairment in the presence of normal gametogenic 
activity. 

C. Failure of llie Teslcs After the Second Decade of Life.— Al- 
though instances of failure of botli testicular components occur in this 
age group there appears to be less tendency for such to be true than 
in younger males. There are two reasonably clear-cut categories rep- 
resenting the two testicular components separately. Such overlap as 
has been observed will be considered under the respective headings. 

1. Failure of Gametogenic Fi/ncf/on.— Included here are most of the 
cases of infertihty which come to the attention of the general prac- 
b'tioner or the speciahst. The usual picture is of a childless man in 
tlie age range of 25 to 40 years who is masculine enough in all respects 
and whose wife apparently is fertile. In contrast to the men of tlie 
groups discussed under A and B tlie testes of sucli an individual are 
usually fairly normal in size and consistency. Examination of his 
semen has revealed aspermia, azoospermia, high percentages of ab- 
normal sperm or some degree of oligosiiermia, and assay of his urine 
for gonadotropliin has shown a normal level. Testicular biopsy in such 
an individual reveals one of two conditions: 

(fl) Reasonably normal spermatogenesis, in which case the cause 
of the sterility is not the testes, but is a defect ( obstruction or congeni- 
tal absence) of tlie efferent duct system. There is the chance in such 
cases that surgical inten^ention will estabhsh proper exit for tlie sperma- 
tozoa which tlie testes are producing.'^ 

( Z? ) A picture of disturbed spermatogenesis. In tliis instance the type 
of disturbance and its exient determines to a considerable extent tlie 
treatment and prognosis which apply to tlie case in question. The 
most common condition which 'one encounters involves widespread 
disorganization of the germinal epithelium, sl^oughing of immature germ 
cells and peritubular fibrosis. The latter is a constant concomitant of 
damage in any form to tlie germinal epithelium altliough tlie tjqie and 
degiee of fibrosis, number of tubules involved and rajiidity of progres- 
sion may varj' considerably. Not infrequently one observes aberrations 
of cell division or chromosomal behavior in the germ cells. Tliese in- 
clude failure of tlie daughter nuclei of the first maturation division, 
i.e., primary to secondary spermatocytes, to occupy separate cells. 

The same phenomenon may occur in the second maturation division 
in which tlie secondarj' spermatocj'tes dhade to form spermatids. In- 
fcomplete partitioning of chromosomal material may take place at eitlier 
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division. Tlie result is cells svitli two nuclei or cells n-itli large or small 
nuclei. The consequence of such behavior is seen in the resulting 
.sjjcmintozon which show various 1)^505 of nbnonnalily, duplicate, 
giant and dwarf forms. Such abnormal mature cells can be found in 
the tubules and, of course, in the semen specimen. The e.\tent of such 
abnonnnlitics determines to a considerable degree the irrognosis of 
the case particularly if tlie defect is accompanied, as it sometimes is, 
by a demonstrable obstniction in the system of efferent ducts. 

(3f gravest concern in these cases which show disorganization of the 
germinal epithelium is the c-slent to whicli activity of the sperma- 
togonia is affected. If these are numerous and show evidence of good 
mitotic actisdly the testis can be regntded as having retained the 
capacitj’ to form new cells in sufficient quantities to carry on the sjier- 
matogenic process. However, in many instances they are reduced in 
numlrers and show infrequent mitoses, evidence tliat the regenerative 
capacity of tlie genninal epithelium is seriously impaired. In such cases 
peritubular fibrosis is usually very evident and the combination of dis- 
organized germinal epithelium, impaired actir'ity of siiennatogonia and 
moderate to severe peritubular fibrosis affecting 50 per cent or more of 
tlie tubules is regarded as evidence of hopelessly impaired fertility. 
Probably tlio outlook, under our present understanding of the causes 
of the defect and means of treatment, is hopeless when the percentage 
of tubules so affected is even less and we regard 50 per cent ns an 
optimisticall)' conservative estimate. However, many more eases must 
be studied before oim understanding of the factors involved is on a 
sufficiently secure basis to warrant closer calculation. 

Since cases of this type present a common problem in male infertility 
it is important that we gain some understanding of the basic causes at 
work if treatment is to be carried out intelligently and effectively. Un- 
fortunately we are not in a position to offer an e.xplnnation whicli em- 
braces all or even a largo percentage of the cases in tills group. 
Others"’ ” who have obserr'ed tlie condition eidier have been un- 
able to offer a satisfactory explanation or have made no attempt to do 
so. Our o\ni observations, covering nppro.Tlmately 120 cases of this 
type, have led us to believe tliat the same condition may arise from a 
rariety of causes. Arteriosclerotic changes in the testicular vessels may 
accoimt for a small jiercentage of those seen. Episodes of generalized 
nutritional deficiency or inflammatory disease which at some earlier 
time initiated unrecognized, but progressive, damage to the testis are 
likely factors. 

Since the close of the war we have seen a large number of sterility 
cases in young men who present a history of inadequate nutrition and 
episodes of tropical disease accompanied by varying types of treat- 
ment. As vet we kmow too little of the manner in whicli these factors 
affect the human testis, but it is not unlikely that a tissue ns labile ns 
the seminiferous epithelium apjrears to be may suffer unrecognized 
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damage wliich progresses after tlie primary cause long since has been 
eradicated. In diese as well as other cases which do not present his- 
tories of such susxrect character we must again recognize die possible 
pardcipation of a constitutional defect of the germinal cells which 
leads either to dieir early spontaneous decline or renders diem im- 
usually susceptible to deleterious influences from which they do not 
easily recover. The same influence, i.e., nutritional disturbances or in- 
flammatory disease, in more fortunate individuals may cause merely a 
temporary derangement of gametogenic activity from which recovery 
subsequendy occius in at least the majority of tubules. 

As noted above, it is unlikely that men in diis group are suffering 
from an endocrine disturbance and dierefore we have no reason to 
believe that dierapy u4th available hormonal preparations would be of 
any value. It is worth noting that although most of the men in this 
group have normal urinary levels of gonadotrophin, some of diem show 
elevated levels. It is significant, too, that diere is a tendency for die 
Leydig cells in these cases to show evidence of reduced functional 
activity. Our mediods for the assay of urinary gonadotrophin are such 
that it is not possible to assess accurately the relative amounts of die 
two gonadotrophic hormones. Therefore it is difficult to relate the find- 
ings of high gonadotrophin and poor Leydig cells. Tlie gonadotrophins 
may be elevated because of the primary failure of the Leydig cells and 
dieir inabihty to produce sufficient androgen to maintain normal hypo- 
physial actirity. Other explanations are also possible, but it is useless 
to speculate in this regard until more facts are available. It is enough 
to say diat the evidence contraindicates endocrine dierapy in diis 
group of sterility cases. An attempt is being made^® to evaluate die 
plasma and seminal fluid levels of Vitamins A, C and E in patients of 
this categorJ^ It was observed that while the levels of A and E and the 
plasma level of C were normal, die C content of seminal fluid was dis- 
tinctly lower than normal. However, attempts to correct the testiculai 
defect by administering added idtamin C have as yet not yielded en- 
couraging results. 

A testicular picture which occurs less frequentiy is one in which 
fibrosis is mild or absent, spermatogonial activity is good, and primary 
spermatoc)4:es are numerous, but the spermatogenic process appears to 
be blocked at that point. The vast majority of primary, spermatocytes 
fail to undergo maturation divisions and few if any mature sperm are 
formed. Leydig cells in these indiwduals have appeared normal and 
hormone levels are within normal ranges. Again we may be dealing 
widr a constitutional defect of some tj^pe although we have not had the 
opportunity to properly evaluate die effect of therapy ^vith FSH in 
such cases. It is quite possible that the defect simply involves a higher 
threshold of stimulation of the germ cells to gonadotrophin. 

2. Failure of Endocrine Function.— This group is made up of men 
who show eridence of the male climacteric.’® The testes in such cases 
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may show some degree of tubular damage such os that described 
under C, 1, but sucli is not uniformly true and when it does occur is 
regarded ns a co-existing rather than a related condition. In most in- 
stances the tubules are relatively normal except for a type of peritubu- 
lar fibrosis which we believe is a iiart of the aging process. This 
phenomenon occurs in other organs and is seen constantly and to a 
greater or lesser degree in the testes of men beyond thirty. It appears to 
progress much more slowly than the type which is associated witli 
grave damage to the seminiferous epithelium. On the other hand, the 
Leydig cells of men in this group show a reduction in numbers and 
size, and a disturbance in normal cytological characteristics.'^ The in- 
dividuals themselves show es’idcnce of inadequate levels of androgenic 
hormone and have high Ics'els of gonadotrophins. Tlicy derive benefit 
from treatment with androgem'c hormone, but do not respond to gonado- 
trophic hormone. It should be noted that many men who complain of 
sjmptoms which resemble closely those seen in the climacteric are not 
properly members of this group. This con be shown by study of the 
urinary gonadotrophins and testes and by therapeutic tests svith andro- 
genic hormone.'" Rather tliey are to be classified under the heading of 
psychoneurosis and psychogenic Impotence. Treatment in their cases 
is properly psychotherapeutic not endocrine. 

11. SECONDARY FAILURE OF TDE TESTES 

In tills form of hypogonadism the testicidar tissues have the capacity 
to function properly, but fail to do so because of the laclc of necessaiy 
eitragonadal influences. Of primary importance in this regard are the 
two gonadotrophic hormones of the anterior hypophysis. Adrenal cor- 
ticnl"" and thjToid"' hyperfunction and hypofuncUon have been related 
to gonadal deficiencies in man, but for the most part such studies as 
have been made have not been complete and as a consequence it is 
difficult to assess the part which disorders of the adrenal and thyroid 
have played in hypogonadism. Only in the ease of hj'perfunctlon of the 
adrenal cortex is the relationship reasonably apparent. In such in- 
stances the production of large amounts of steroid hormones perhaps 
upsets the hypophj'sial-gonadal interrelations through an inhibition of 
the production of gonadotrophic hormones. On the other hand, the 
relahonship between the gonadal tissues and the hypophysis is clearly 
evident and it is possible to recognize cases of hypogonadism which 
are due to an hypophysial inndequac)' of prepubertal or pubertal origin 
and cases in whidi h)'pofunction of the pituitary does not occur until 
later in life. In eltlier event the iirinarj' levels of gonadotrophin arc 
lower than normal. Such a finding together with characteristic pictures 
In the testicular biopsies may be regarded ns irathognomonic of sec- 
ondary failure due to hypopituitarism. 

A. Failure of the Tc*te» to Undergo Pnltertal Maturation. —In 
normal individuals the testes undergo veiy' rapid growth beginning at 
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about age 11 or 12. The seminiferous tubules enlarge and develop 
lumina as tlie process of spermatogenesis is initiated and becomes well 
established. At the same time Leydig cells are differentiated from 
mesodermal elements and produce androgenic honnone in increasing 
amounts. However, if the hypophysis fails to secrete adequate quanti- 
ties of gonadotrophic hormones the testes remain infantile, and the 
various events of puberty do not occur or do so in a modified form 
only. It is in cases of this type that eunuchoidal body proportions and 
undeveloped sexual characteristics are most frequently obsen'ed. In 
die less commonly seen cases of extensive hjqiophysial failure (pan- 
hypopituitarism), insuflSciency of odier hormones is manifested by 
small stature, low metabolic rate and evidence of adrenocortical hypo- 
function. 

In eidier instance, i.e., panhypopituitarism or hypopituitarism con- 
fined to production of gonadotrophic hormones, the condition of die 
testes is similar. They are small and microscopically show an infantile 
appearance. However, and in this respect diey differ from tiie usual 
picture in prepubertal primary failure, they do contain considerable 
numbers of immature germ cells. An additional point of difference is 
die absence of peritubular fibrosis or hyahnization in instances of sec- 
ondar)' testicular failure, at least in men under twenty-five years of age. 
In older h)q30gonads of this tyiie, age changes may be superimposed 
upon the infantile condition of the testes. The inte^ibular tissue, too, 
presents an infantile picture and, as a general rule, true Leydig cells 
are completely absent. The picture, indeed, is quite similar to that 
seen in die testes of animals which have been hypophysectomized prior 
to puberty. Furthermore, it is possible to effect definite stimulation of 
the testes in eidier case widi gonadotrophic hormones. 

Our most successful attempts to stimulate speimatogenic activity in 
men witii diis type of hypogonadism have followed the use of prepara- 
tions containing FSH made from pituitary glands.-- Some success has 
been achieved with extracts of pregnant mare serum. However, purer 
and more potent preparations are required before we shall be in a 
position to realize fully the possibilities of stimulating satisfactory 
spermatogenesis in this tjqie of hypogonadism. Preparations of human 
pregnancy urine (chorionic gonadotiophin ) have been of no value in 
stimulating spermatogenesis in tiiese patients since the active material 
in such extracts is largely interstitial cell-stimulating hormone. How- 
ever, chorionic gonadotrophin is verj' effective in stimulating the in- 
terstitial cells, and the testes of patients treated in this manner show 
well developed Leydig cells whicli undoubtedly are foiming consid- 
erable amounts of androgen since the secondary sexmal characteristics 
undergo pubertal changes. The residts of treatment in such patients 
\rill be considered in detail in a forthcoming paper ^vith Dr. Carl 
Heller. Howe\'er, it is of value to point out here that both sperma- 
togenic and endocrine activity can be stimulated by suitable gonado- 
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trophic agents in patients of this group and that it is very probable that 
in tile future even more striking therapeutic results can be exiiecled 

Thi> reason for hypophysial iiiadetjuacj in patients of this group can 
not bo accounted for m everj instance Most frequently it aii^iears that 
die secretory cells of die pituitar) are not functioning at normal levels 
Iho reason for diis state of affairs is quite obscure and cannot properly 
1)0 discussed here It is notevvordiy that some patients of this type, men 
m the 20 to 30 j^enr group, who were successfully treated have been 
able to effect continued improvement when therapy was withdrawn 
It would seem that treatment had provided a means of removing some 
block intcqxised on die secretory activity of the hypophysis, perhaps in 
the Ii\q>opIi)'sinI hypothalamic relationship In addition, the delayed 
maturation of the testes which is observed frequendy in boys, parlicu 
lnrl> obese subjects, suggests that the hypoph>^iaI-hypothaIamic sys- 
tem may be involved to an important extent Of much rarer occurrence 
are instances of developmental errors or destructive lesions inv'olving 
the hj'poplijsis True Frohlich's s>mdrome is an example of this type 

Undoubted!) many pathologic conditions impinge on normal func- 
tion of the hyi)oph)^is and may interfere temporanly or permanently 
widi its function Important among diesc are inanition, vitamin de- 
ficiencies, such chrome disorders as diabetes mellltus and renal disease, 
and deranged funebon of the adrenals or th)ToicL Correebon of die 
underlying disorder may be expected to result frequently in establish 
ment of normal hypoph)Sial function and, m turn, maturation of the 
gonads Tlie proper approach to this problem in any pabent clearly 
involves a thorough study of (he case, correct diagnosis, and finally 
such therapeutic measwes as arc indicated Endocrine therapy, im- 
portant as it may be in some instances, should not overshadow mens 
ures to correct disorders of nutrihon and metabolism since the latter 
mn)" be the primnr) basis for the hypogonadism 

B Failure of the Testes During Adult Life.— Testes which have 
apparendy been onhrely nonnal mn) fail durmg adult life as a result 
of hypofunction of the hypophysis Tlie latter ma) occasionally be 
idiopathic and even be confln^ apparendy to the gonadotrophic rune 
tion, but in most Instances die hypofunctional state probabi) stems 
from causes similar to those discussed under U, A In addition, hepabc 
cirrhosis frequendy causes tesbculor Iiypofuncbon, probably as a re- 
sult of failure of the liv er to inactivate certain steroids, notably estro- 
genic liormone The latter, presumably produced in the adrenal, inter- 
feres with die produebon of gonadotrophic hormones and testicular 
ntropliy ensues Evcessiv e estrogen may not be die only factor involved 
m hypofunction of the pituitar) In drrhosis smee both malnutrition 
and thiamine deficienc) arc present in the condition and have adverse 
effects on h)'pop1iysinl funebon 

AiS is true in diosc cases of Iiypofuncbon of die hv'pophysis which 
appear before pubert), it is of primary importance to determine and, if 
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possible, to correct the cause of the hypophysial defect. However, it is 
possible to stimulate the testes of adult men witli gonadotrophins. This 
includes both tlie spennatogenic and endocrine functions, either or 
botlr of whicli may be disturbed in secondary failure during adult life. 
The success of treatment is conditioned not only by the preparations 
which are used, but also by the secondary changes which may have 
occurred in the testes. Chiefly, tliis involves the severity of peritubular 
fibrosis and hyalinization which may be present as an aging process un- 
related to tlie immediate eflPects of hypophysial hypoftmction and/or 
as tlie usual accompaniment of damage to tlie seminiferous epitliehum. 

Our own studies have achieved best success when preparations of 
F.S.H. from pituitary glands, and chorionic gonadotrophin were used 
for stimulating gametogenesis and endocrine function, respectively. 
Charny-'^ has used preparations of pregnant mare serum witli success 
in some instances. In other cases, probably instances of primary testicu- 
lar failure, tlie results were negative or uncertain. A major problem 
wliich accompanies the use of any gonadotrophin derived from non- 
human sources is the occurrence of antibody reactions which interfere 
witli the active principle when treatment is continued for considerable 
periods of time. This is not a factor in the case of preparations of 
chorionic gonadotrophin whose source is human pregnancy urine. 
There is a need for an F.S.H. preparation derived from human sources. 
Such a source is available in castrate and menopausal urine and prob- 
ably will be utilized in tlie future. 

SUMRIARY 

Testicular biopsy has proved to be of indispensable value in arriving 
at correct diagnoses of cases of male hypogonadism. On the basis of 
such studies, together with assays for urinary gonadotrophins and 
physical findings, it is possible to classify male hypogonadism in two 
major groups and several subgroups. The major categories are primary 
hjTiogonadism, which is the result of some defect of or within the 
testis itself, and secondary hypogonadism, which is due to insufficient 
stimulation of the testis by hypophysial gonadotrophic hormones. The 
minor groups are based upon the age at which the gonadal defect 
occurs and upon the function of the testis, gametogenic or endocrine, 
which is involved. 

Cases of primary hypogonadism are, with very few exceptions, asso- 
ciated with high urinarj' levels of gonadotrophin. Treatment of the 
gonadal deficiencies in such individuals must be confined to the use 
of androgenic hormone which will stimulate tlie various secondary 
sexTial characteristics. No endocrine approach for the correction of de- 
fective gametogenesis in tliese patients is available at present since 
preparations of the gonadotrophic hormones have been ineffective. 

Men whose gonadal deficiency is shown to be due to inadequate 
sHmulation of the testes by gonadotrophic hormones ( secondary hypo- 
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gonadism) almost invariably have low urinary levels of gonadotrophin 
and are benefited by treatment with preparations of gonadotrophic hor- 
mone However, in all mstances of secondary hypogonadism, pnmaiy 
attention should be directed toward diagnosing and correcting such 
conditions as may interfere with normal activity of the hypophysis 
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ENDOCRINE THERAPY IN DISEASES OF THE PROSTATE 
GLAND 


Nonnis J. Heckel, M.D., 

Of tlie many tliscnses tlmt affect tlio prostate gland, inflaminntions, 
hj’pertrophics and cancers are the most common. In recent years, espe- 
cially since the investigations of Huggins and his associates in 1941, 
many obsen'ations ha\ o been reported on the use of honnones in the 
treatment of diseases of tlie iirostate. 

rnOSTATIC CANCER 

Although tills disease is not the most common affliction of the pros- 
tate gland, recent statistics indicate that up to 15 i>cr cent of men 
beyond the age of 55 dei’elop prostatlc carcinoma. In the majority of 
patients the diagnosis is relatively eas)’ to make; however, in a few it 
can be difficult and must depend upon a biopsj’. But if a patient is past 
55 years of age and comes to his ph)’slclan with complaint.s of hema- 
turia, difficulty of urination, backache and leg pains, and the rectal 
evamination reveals a hard, infiltrated, nodular prostate, then the most 
likely diagnosis is carcinoma, because no otlicr disease of this organ 
produces such hardness. 

Ill tlie last fifty years, many dlfforent forms of treatment have lieen 
advocated, and intensive efforts have been made to treat this disease 
successfully. However, those who have observed a considerable num- 
ber of patients Math advanced carcinoma of the prostate have found 
little encouragement front any form of tJicrapy. It’ is definitely agrcetl 
by urological surgeons that in early carcinoma of the prostate— that is, 
when the disease is confined within the limits of the gland itself— 
radical perineal prostatectomy is the proper procedure. Unfortunately, 
such a condition is found only in a minority of cases, not over 5 per 
cent, ns compared with the group of patients in which the disease has 
e.\tcnded bejond the borders of the gland by the time the patient has 
presented himself to the ph)'siclnn for relief of his symptoms. TIic 
reason for tliis is quite obvious. Early carcinoma of the prostate, like 
carcinoma in many other organs, is a silent disease. It is only when 
symptoms of iirinar)' obstniction develop, or pain from metastascs 
occurs, that the paUent seeks relief from his trouble. It cannot lie em- 
phasized too frequently that every male patient, regardless of symp- 
toms for which ho con.sults his physician, should have a rectal 

From Uio Department of Urotogy, Presbi’lerlnn Ilospilnl, Ckicago. 
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exainiiiation. If this is made a routine procedure many more early 
cancers will be recognized. 

Of the many methods that have been used in the treatment of ad- 
vanced prostatic carcinoma, the endocrine procedure of Huggins and 
his associates is the most favorable. In general, the results of liis mvesti- 
gations show tliat some tjqpes of prostatic cancer are often extremely 
sensitive to androgens, or the male sex hormone, and the presence of 
tliis material in the body activates the growth of tlie cancer. In many 
patients, the inactivation of die male sex hormone brings about a ret- 
rogression of tlie cancer cells. Tliis can be accomphshed in two ways— 
by castration, or by the administration of estrogens. These endocrine 
tlieories of Huggins have been widely accepted in the treatment of 
advanced prostatic cancer. It has long been known, for instance, tliat a 
direct relationshixi and interrelationship exists between tlie glands of 
internal secretion, especially the pituitary and the gonads, and the func- 
tion of the prostate. At about the turn of the century, castration was 
done for so-called benign prostatic hypertrophy, but it was soon dis- 
carded because of the poor results. At the present time, tliere is some 
difiFerence of opinion as to whether castration or tlie administration of 
estrogens will accomplish the same cUnical response in patients with 
prostatic cancer. It is well established that in exiierimental animals 
cash'ation increases tlie gonadotropic activity of the anterior lobe of the 
pituitary, and it is known that tlie production of androgens is under 
the influence of this principle. 

Furtliennore, it has been demonstrated diat other organs besides the 
testes, notably die adrenals, are capable of producing androgens. 
Therefore, castration would not inactivate all the androgens, but miglit 
even increase die production of androgens in other organs. On the 
odier hand, die administration of estrogens is^believed to inactivate die 
production of androgens by depressing the gonadotropic activity of the 
pituitary. If tiiis be true, then diis form of therapy would be more 
likely to inactivate di6 production of androgens in all parts of the 
body. However, up to die present time, numerous clinical reports have 
failed to demonstrate definitely that die administration of estrogens 
produces a better response in the patient than castration. It will be 
interesting, after a longer time has elapsed, to compare the ultimate 
results of tiiese two forms of therapy in cancer of the prostate. 

Phospliatase Deterniinalions in Diagnosis and Treatment. —An- 
other recent development in the diagnosis and treatment of prostatic 
cancer is die estimation of the amount of certain enzymes that are 
present in the body. ‘These are known as acid and alkaline phos- 
phatases. Alkaline phosphatase is found in growing bone, particularly 
in the osteoblasts. It is also found in die convoluted tubules of the kid- 
ney, and is said to be abundant in die surface epithelial cells of the 
mucosa of die upper part of die intestine. It is also present in many 
other organs in smaller amounts. 
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Acid pliosjiliatase is likewise found in many organs, especially in the 
erythrocytes and In the parenchsTnatoiis cells of the prostate. Both al- 
kaline and acid phosphatase are present in the blood senim, and can 
lie determined ((nantitativcly by chemical means and in tissues tliey 
can be rendered visible by microteclimcaf stams. This laboratory pro- 
cedure is now not only \Wdely employed as an aid in tlie diagnosis of 
advanced prostatic cancer, but also as a yardstick in the interpretation 
of the efBciency of endocrine tliernpv. The acid phosphatase is in- 
creased in enremoma of the prostate gland svith metastasis, especially 
if the cells are well differentiated. On the other hand, highly undiffer- 
entiated prostatic cancer produces very little of this enzyme, and 
tlierefore the senim acid phosphatase may be normal even with ex- 
tensive metastasis Although the alkaline phos[)hatase is likewise in- 
creased In advanced prostah'c cancer, other diseases, especially of the 
bone, such os Paget’s disease and osteogenic sarcoma, will also produce 
an increase of this enzyme. Tliere are apparentlv some limitations of 
the I’alue of this diagnostic method, and as yet tliese limitations have 
not been too clearly defined 

Responee of Adsanced Proalnllc Cancer to Estrogenic Therapy. 
—No effort will here be made to compare the efficiency of estrogenic 
therapy with that of castration, ft has been onr experience tliat estro- 
genic therapy is as beneficial, and the results ns goo^ as those obtained 
by orcliiectomy. In a preWons communication, we reyiorted fifty pa- 
tients svitli advanced prostatic cancer who had been treated svith 
dietliylstilbestrol. The youngest was 52 years of age and the oldest 81 
years at the time tliey were first seen No pab'ent was included in the 

TABLE 1 

SunnvAL AFrra Esthoofnic TnraiAP)— P atib.'tts 

Number of 


of Time OlMon o(l Pfltients 

6 monllw lo 1 year 1 

1 year to 2 yean 9 

2 years to 3 years 4 

3 years to 4 years 4 

4 y ears to 5 years 3 

' Orer 5 years . 4 


report'who had not been observed for at least six montlis. Of the fifty 
patients, twenty-four were previously reporter! in 1944. At that time it 
was observed that six' patients, or M per cent, died from the chseaso 
during the time they were under treatment; four patients, or 16.6 per 
cent were not improved; and fourteen patients, or 58.4 per cent, had 
been definitely benefited by this form of therapy; i.c., they had been 
relieved of their pain, their appetites improved, anemia (llsappeared, 
their weight Increased, and all had tlie appearance of well being and 
good health. Of the hventy-four patients, at the present Umo eight are 
alive and clinically in good health; they have normal weiglits, no pain 
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or discomfort, their appetites are good, and tliey are all living a normal 
life. Four of the eight patients, whose ages vary from 76 to 87, have 
been observed for over five years. Three patients of the twenty-four, 
ages 81, 84, and 87 respectively, are alive but incapacitated with other 
diseases— two from cerebral thrombosis and one, the oldest, from senile 
dementia. Two of the twenty-four are alive and suffering from pains 
and symptoms of prostatic metastasis. Ten are now dead, and of the 
one remaining, we do not have a report. 

TABLE 2 

ItESULTS FROM Estrogenic Titerapy — 50 Patients 

Improved. . . .25 patients 

Dead , 20 (18 from disease) 

No improvement 3 

Not known 2 


TABLE 3 

SunvivAi. AFTER Estrogenic Therapy (Fi\'e Years and 0\En) — 4 Patients 


Before Therapy 


After Therapy 


Present 

Age 

Prostate 

Metas- 
tasis 
to Bone 

Operation 

Prostate 

Metas- 
tasis 
to Bone 

General 

Condition 

76 

Hard, nodular 
Extensive peripros- 1 
tatic spread 

No 

Trans- 

urethral 

two 

times 

Softer, 

smaller i 

1 

1 

1 

1 

1 

No 

Very good 

80 

Hard, nodular 

No 

No 

Somewhat 

softer 

No 

Very good 

78 

Hard, nodular 
Perioproslatic 
spread 

Yes 

Radical 

perineal 

Soft 

Yes 

Very good 

87 ; 

Hard, nodular 

No 

Trans- 

urethral 

1 Somewhat 

1 softer 

No 

Poor; 

.senile 

dementia 


In analyzing the fifty patients as a group, we find that twenty-two 
are alive and enjoying good health, twenty are dead, and three are 
alive and suffering with the disease, three are alive and suffering with 
other diseases, and ttvo cannot be traced. The term "good health” de- 
notes tlie disappearance of pain, gain in weight, disappearance of 
anemia, increased appetite, and a general state of well being. Tlie 
prostate and the periprostatic extension of the cancer have become 
softer, and in many cases, smaller. The histological changes that oc- 
curred in the prostate were very striking and pronounced. The altera- 
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tions are chnracterizod cbieB> by extensile hydropic degeneration of 
tlic cancer cells In tills series, there was no instance in which tlie 
metastasis to the bony structure had completely disappeared. 

It has been our method to use 1 mg ol diethylstilbcstrol three times 
a day by moutli, altliougli in man) patients much larger doses, up to 
25 mg. a day, were gis en The diagnosis of advanced prostatic cancer 
was made from rectal findings, \-ra) findings of metastasis and, usually', 
histologicnl sections of the prostatic tissue which were obtained before 
estrogenic tlierapy was started It should be recognized that it mil do 
little good to castrate, or to prescribe estrogens to a patient mth ad- 
vanced prostatic cancer, and then let him die from renal insufficiency 
caused by chrome retention of urine from prostatic obstruction It is 
quite obvious tliat the obstruction must be removed, and this can best 
be done, in most instances, by a transuretliral resection 
In this senes of fifty patients, many presented a pathetic and sor 
rowful picture Pam \sas the predominant symptom Loss of weight, 
difficulty’ m voiding, frerjuency, urgency, pymna, dysuria and hema- 
tuna were common complaints A few were bedridden and required 
morphine for the rehef of their pains Two pabents had had a radical 
ponneol prostatectomy 

Following the ndmiiiistmbon of tlie diethrlstilbcsbol, the most strik- 
mg and spectacular improvement vvas the disappearance of pain, the 
gain in weight and an increase in appedte However, it should bo em- 
phasized that this improvement did not occur m all the patients There 
were twenty-one patients in the series in whom it was observed tliat 
very bttle. if any, benefit resulted from this form of therapy 
Untoward Effects during TrenlmenL— These were mild and of no 
importance compared to the clinical improvement that occurred We 
have previously shovv-n that in the human impotence, sterility', gyne 
eomastia and complete disappearance of semen takes place during the 
administration of dlethylstilbestrol We Imve also observed increased 
pigmentation, especially of tlie nipples and on the ventral surface of 
the penis Occasionally, leg cramps would occur Altliough there have 
been isolated reports of hver damage from tlie use of large doses of 
this material, there was no evidence of this complication in this senes 
of patients There vvas one patient who developed severe gastroin- 
testinal symptoms, characterized by diarrhea and pmn, following the 
admimstinhon of M mg. of diethylstilbesbol a day, but these sy'mptoms 
disappeared after the hormone was discontinued 
Case History.— The foUovvmg abstract of a case history of one of the 
pabents with advanced prostatic cancer summanzes the results from 
this form of therapyi 

I S . aged 52 ycon, a wliito man, was first saen in May, 193S, at which time 
he had an ocuto rctentioil of urine, caused bj on enlargement of the prostate 
slond 

A Iransuretiiral resection was done There was no evidence of a malignancy. In 
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June, 1942, he was seen because of a retiun of his urinary symptoms. The residual 
urine was 120 cc. A rectal examination revealed a very hard, nodular prostate 
gland. He re-entered tlie hospital for a transurethral resection. The histological 
sections of tlie prostate showed a poorly differentiated adenocarcinoma, grade 
HI. X-rays of tlie spine, pelvis and chest revealed no evidence of skeletal metas- 
tasis. In June, 1942, he was placed on 3 mg. of stilbesterol a day and he has 
remained on tliis dose continuously to tlie present time, except for an occasional 
rest period of tliree weeks, twice a year. His last examination in September, 1947, 
revealed the prostate to be smooth and soft There were no areas of hardness or 
nodules. He is overweight, and his appetite is good. He has not missed a day’s 
work as an executive in a very busy corporation, nor has he had any complication 
or side effect from the stilbestrol. He ivill be advised to continue this form of 
therapy indefinitely. 


Present Status of Estrogenic Therapy.— When should estrogen 
therapy be started? How much should be given, and how long should 
it be continued? There is a difiFerence of opinion regarding these ques- 
tions, and at tlie present time they cannot be definitely answered. It 
seems logical tliat treatment should begin as soon as the diagnosis of 
prostatic cancer is adequately estabhshed. Whether the patient witli 
early prostatic cancer, in whom a radical perineal prostatectomy has 
been perfomied, should also be treated wntii estrogens is stdl an open 
question. Obviously, if tlie cancer has been completely removed, and 
no metastasis has occurred, the administration of ektrogens would 
serve no purpose. However, there is no method at the present time, 
including the phosphatase test, that can accurately determine tlie pres- 
ence or absence of early metastasis. 

The optimum dose of estrogenic hormone that should be given is not 
definitely known. At least 3 mg. of dietliylsfcilbestrol a day has been 
advocated b}'’ some. It would appear that the amount to be used might 
depend upon the e.\tent of tlie carcinoma. We have been of the opinion 
that much larger doses are more efficacious in the treatment of patients 
in whom tlie metastasis is extensive. 

Also, it is not known how long treatment should be continued— pos- 
sibly indefinitely— provided no serious reactions arise; even then it 
could again be given as soon as the welfare of the patient permits. 
However, the ans^ver to these questions is still debatable. More time is 
necessary before a definite statement concerning the amount of hor- 
mone, length of treatment and proper time to begin treatment with 
this form of therapy can be made. There are many more questions that 
cannot be ansxvered at tlie present time. For instance: Is castration a 
better procedure tlian tlie administration of estrogens? Should castra- 
tion be done and estrogens also be given? What are the therapeutic 
effects in relation to the grade or differentiation of the cancer? Further 
clinical obsen'ations will eventually give tlie ansxver to many of these 
important questions. 

At the present time it can "be stated tliat patients wdth advanced 
prostatic cancer xvill live longer and more comfortably with this form 
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of therapy, or orchiectomy, than nil other methods of treatment tlial 
have previously Iieen used in this condition. For comparison, it is of 
interest to retiew the re[K)rt of Bnnipus, who in 1926 analj’zed a thou- 
sand patients wltli carcinoma of tlie prostate who were observed at tlie 
Mayo Clinic. Four hundred and eighty -five cases in tlie scries had no 
form of treatment, and the average duration of tlie disease, from the 
first symptom to death, was tlnrty-onc months. When metastasis was 
present at the time of the esammation, two-thirds of the patients died 
within nine montlrs. In the group in wliich esamination indicated tliat 
metastasis had not occurred, the aicrage subsequent length of life was 
about a year, but 5S per cent of the patients died within that time 
Tliere were four patients in die untreated senes of patients who lived 
more than diree years, and two who lived more dian ten years. 

Thf ReKnlts from Orehicelomy In ibe Trrntment of Proftatlr Cnncrr. — 
Tho litcrahirc relative to bilalcnil orclilfcloin> in the tTL-jitinent of tlUs di5onw? b 
ntnv fairly cttensiN-e, For instance, Parlow trentt.*d be\'»’nty>fi\e cju-w of ndvancefi 
cancer of tlie prostate by this mctiifKl Elphlcen of the i^ilients, in addition, lud 
prostatlo resections. Tlie diapnosis u'as confimied }>> mltToscopic slndies in lixli - 
sir cases arid in tlie remaining bj t-niy and cxmnlnaHon In twenty-three 

of the patients, tJicre was no clinicnl or x-ra\ ONhlence of rrwl.istoiij The rcstilt* 
from the orchiectomy showed tlwt eighteen patients densed no benefits, that if, 
there xva^ no relief of pnin and the progression of the disea>c was in no wa' 
altered. To this group of failures, stillicstro) was ndminUtered and pioved of no 
XTiluo. Fifty-seven patients munifested an Inimedlnte clinicul itnproM'inent This 
nsu charac<crir.«I b)' low of all metastatic pnin and n grneni) jmpn;>«ntnl in 
tlielr subfoctive symptoms. However, fort>'-tliret‘ of thevc were di Iavf*d failures in 
that again the patients des’olopod svmploms of advanced prostaPt ctinter allei an 
inlen-al from eight to thirty inontlis It wn^ observed llmt compltle n'gre^vlnn ol 
die prostQtIc enneer occurred onlj In those patlnts in vvhuni the prostatic tissue 
rev'eated typical adenocarcinoma 

Emmett analyzed his nbsemvtions In n group of 220 patients who had ad- 
vanced carcinoma of die prostate treated b> bllntcml orchlectomj, 164 of the 
patients rev’ealed evidence of nictostosis. 50 were considered to be free from any 
evidence of metastasis. Of the 104 potienls wlio had nx't.istosls, 127 complained of 
pain, and 00 per cent of these exi>er|cnced relief of the pnin soon after the opera- 
tion; £2 per cent were given some relief However, in many caves the relief of the 
pain was only temporary. In an nnab-sls of sewnty-slx ctues in which there wus 
on Immediate relief of paiu after orchlectom), there w-as, in n majority', a recur- 
rence of the pain within a few' montlis. Only n small number of patients remained 
comfortable more than a year. It Is of interest tliat in 132 patients with metastasis 
on whom phosplmtoie studies were made, tho senim add phosphatase and scrum 
ftlkallne pliosphntaso levels of 35 were normal. 

Sun anotlier rex>ort I* that of Nesbit, who in 1944 reported n follow-up study 
on seventy-five patients with prosfatic cancer whom ho had treated by bilateral 
ordiicctomy. There was no case in this series in which twenty-one montia had 
not elapsed since the operation. All tJie poUents except four Imd an Infiltrating 
carcinoma, Forly-tluw were suffering from pain, cachexia or other clinical nmnl- 
festaUons of advanced enrdnoma. His results showed that ten patients received 
no benefit from the operaUon, fiv'e died within six months, four died within fifteen 
nionUii, and one was allv'e twenty-two months after the castmHon There were 
rixly.five patients who were Improved clinically, but many of these derived only 
lemporaxy’ benefit Ho could establish no criteria in predicting tlie prognosis. He 
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divided liis scries into two groups: Group 1. The thirty-two patients, including 
those in whom there were no symptoms of advanced prostatic cancer. In this 
group, twenty-two patients were alive and well. Croup 11. The forty-tliree 
patients who had pain, cachexia or other complaints referable to tlie disease. 
Twelve of this group were alive and well. Nesbit is of the opinion that treatment 
should not be given either in the form of estrogens or castration until the signs 
and symptoms of advanced carcinoma have developed. 

Dean reported that in his clinical e.xperience with tlie endocrine treatment of 
prostatic cancers, in which 100 cases were studied, forty were observ'cd for only 
short periods, or were lost to follow-up, and of the remaining sLxty, who were 
observed for six months, or more, thirty-one were treated by surgical castration 
and twenty-nine by stilbestrol. He stated that surgical castration almost invariably 
gave prompt relief, and in no case was orcliiectomy withheld because of advanced 
disease, although many patients seemed near death at the time of the operation. 
Frequently, patients learned to walk witliin a few days after the operation and, 
almost witliout exception, pain disappeared witliin forty-eight hours. In a number 
of instances, metastasis in the lungs could no longer be demonstrated a short time 
after treatment. However, after a short period of apparent good health, which on 
the average lasted eight months, the majority of tlie castrated patients relapsed. 
While the great majority of castrated patients improved, a small percentage died 
a short time after operation. Dean further observed that in a large proportion of 
his patients who suffered relapses following castration, and who were treated with 
stilbestrol, some Improvement was noted, though it was not as sudden as that 
which followed castration. However, the majority seemed as well as those who 
had benefited most by castration. In a group of twenty-three patients treated with 
stilbestrol, he found changes in acid scrum phosphatase similar to those which 
followed castration. He concluded from his studies on assays of estrogen and 
androgen e.xcrction levels in a group of patients who had been castrated and in 
another group who were given estrogens, that the mechanism whereby castration 
and stilbestrol cause regression of prostatic cancers is fundamentally different. 

In 1945, Scott and Benjamin reported on eighty-two consecutive patients with 
various stages of development of prostatic carcinoma. Tlie average age of the 
patients was 69.4 years, with a range of 55 to 84 years. In 83.5 per cent of the 
cjises the growth was predominantly adenocarcinoma, while in 16.5 per cent it 
was undifferentiated. Sixty per cent of die patients in the latter group and 26,7 
per cent in the former were knovvn to be dead at the completion of the study. 
Serum acid phosphatase studies were made on seventy-six of the ciglity-two 
patients, thirty-seven of whom had normal preoperative readings, and in thirty- 
nine die level was high. The authors obsen-ed that regression of the disease 
occurred in 54 per cent of the patients; 26 per cent of die patients showed no 
change; in 2 per cent the cancer progressed; and 17 per cent could not be fol- 
lowed. A transurethral resection for relief of urinary obstruction was necessary on 
thirty patients following orchiectomy. 

One of the most recent reports is that of Huggins, who summarized his ob- 
servations on hventy patients who had been observed for five years since they 
had their orchiectomy. He now has four patients in whom no sign of die disease 
can be detected. They all had elevated serum phosphatase and xvidespread metas- 
tases before the orchiectomy was performed. In these four patients, five years 
afterwards; the phosphatase levels are xvithin normal range, and the bones show 
no evidence of metastasis. He stales tiiat two factors are of significance in deter- 
mining the effectiveness of orchiectomy; ( 1 ) the tumor must be androgen depen- 
dent, and (2) the testes must contribute functionally significant amounts of the 
total amount of androgen. He feels that this form of treatment is superior to the 
neutralization of the androgen by die administration of estrogens. 

Although we hai'e obsen'ed some patients in whom orchiectomy produced a 
better response than had pre\'iously been produced by estrogens, we likewise have 
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obscncd an equal number of patients who received a better response from 
Uie use of eArogcns than Uioj prc\’iously bad from orcliiectoniy Before any defi 
nllo statements con bo made r^tivo to Uic iiicrils of castration o\er estrogenic 
tlKTOpj, or \icc N'ersn, more clinical in\ estigation and evidence is needed 

BEMCrV PROSTATIC in PEKTROPin 

This IS a common disease m elderly men Statistics show that up to 
55 per cent of men w ho reacli the age of 00 years ^viIl develop some 
signs and S)Tnptoms of prostabc obstnichon About 50 per cent of these 
men will e\entiinlly need to ha\c tins obstruction remo\ed by a sur 
gical procedure 

However, recentl), enlliusiaslic results from the use of estrogens have 
been reported Although it has been adtiiuatel) demonstrated that the 
estrogens produce extensive histological changes in the glandular struc- 
ture of the prostate gland, >et. in our cvpeneiice, we ha^c not been 
impressed by the beneficial results from the use of this material m the 
treatment of patients with benign piostalic h) pertroph) , as the urologi 
cal surgeon recognizes it Whetlicr estrogenic therapy will offer relief 
to patients with so called beginning prostatic enlargement is prob- 
lematical More clinical observations and reports are necessary before 
any clear cut statements can be made 

Ginical Redponsc to Estrogenic Tlicrapj,— We liave previously 
reported our results in thirtj-threo patients with benign prostatic h> 
pertropliy who were treated with dieth) Istilbestrol The criteria used 
to establish tlie diagnosis of prostatic enlargement are tliose well known 
to all urologists, le, histor>, rectal examination, c>stoscopy and tlie 
estimation of residual urine The dietliylstilbestrol vins given by mouth, 
usuall) 1 mg three times a day, nl hougli up to 10 mg a day was given 
to a few' patients The patients fell into two groups 

Group I was comprised of twenty seven patients who had the signs 
and s)mptoms of early prostatic obstruction The prostate gland was 
enlarged from 1 phis to 2 plus, and the residual urine varied up to 
60 cc The cystoscopic examination revealed definite obstruction around 
the neck of the bladder in the form of lateral Jobe Jiypertrophy, middle 
lobe enlargement, or both No patient was included, no matter how 
severe his urinary symptoms, unless the c>stoscopic examination 
showed definite e\adence of prostatic enlargement The average age of 
tile patients in group I xvas 63 49 years, the jTiungest 50 ) ears, and tlie 
oldest 75 years Thc) were treated from 23 to 498 days, receiving the 
hormone in amounts ranging from a minimum of 54 mg to a maxi 
mum of 1320 mg 

Tlio results of the therapy can be discussed under two headings 
(1) thc decrease in the size of thc prostate and (2) the improvement 
in die urinar}' symptoms In seven patients, it was believed that the 
prostate had decreased slightly fii size Tliere were five pnbents in 
whom the unnary symptoms of day frequency, nocturia, hesitation, 
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dribbling and difficult)^ in starting die stream were lessened. However, 
two patients in whom tlie urinary sjTnptoms improved showed no sign 
of change in the size of the prostate per rectum. We could not demon- 
strate by cystoscopic examination any decrease in the size of tlie pros- 
tate in any of the patients following treatment. 

Group II was comprised of six patients, the yoimgest 63 years of age, 
tlie oldest 75 years, and tlie average age was 71.16 years. Their residual 
urine varied from 60 cc. to 1000 cc. The prostate gland was enlarged 
from 2 plus to 4 plus. They received treatment from 49 days to 456 
days, recehong from 200 mg. to 1774 mg. Five in this grouii were 
hospitalized; in four the obstruction was reheved by transurethral 
resection, and in one a suiirapubic prostatectomy was necessary. Of the 
five patients who were hospitalized, the prostate gland was tliought to 
have decreased in size in diree patients. However, all the patients did 
not completely empty tiieir bladders, and the symptoms of urinary 
obstruction still persisted. No change in the size of the obstruction fol- 
lowing treatment could be observed by cystoscopic examination. 

Present Status of Therapy.— Although -the estrogens produce im- 
provement in die urinary symptoms in some of die patients, it must be 
remembered that many patients with prostatic obstruction will show 
similar improvement from the use of sitz baths and alkalies. On the 
odier hand, the administration of estrogens in contrast to androgens 
produces extensive degenerative changes in die glandular structure of 
the prostate, which no doubt is responsible for the decrease in the size 
of the gland observed in some patients. However, these alterations are 
only temporary. Wlien the estrogen is discontinued, die glandular 
structure again regenerates. Also in patients with a liigh residual urine, 
this form of therapy has given only partial relief at best. It would seem, 
therefore, that estrogenic therapy is not the treatment of choice in 
prostatic enlargement as the urological surgeon recognizes it, diat is, 
S}mptoms of urinar)^ obstruction, residual urine, and an enlarged pros- 
tate per rectum. The treatment still rests with die old and well estab- 
hshed surgical procedures. 

INFECTIONS AND OTHER CONDITIONS OF THE PROSTATE GLAND 

Although several reports have been presented in the hterature to the 
effect diat hormonal therapy is efficacious in the treatment of prostatic 
infections, more well controlled observations are necessary before this 
form of treatment can be advocated in this disease. However, diere are 
several well recognized diseases which many times are thouglit to be 
caused by inflammation of the prostate, in which estrogenic therapy is 
of distinct value, one being premature ejaculations. 

Premature Ejaculations.— These may or may not be associated 
with poor erections. It is one of the most common sex complaints in 
young men. If severe, it can be responsible for a sterile marriage. Tlie 
causes are many. Local inflammatoiy' lesions such as prostatitis with a 
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posterior urethritis may be responsible If the condition is not associ- 
ated sidtli poor erections, the administration of small doses of dietbyl- 
stdbestrol, 0^ mg per day for six or eiglit weeks, has pros ed efficacious 
in man) instances Howeier, it should be used cautiously because a 
man can be made lemporanly completely impotent from its use 
Heranlosperniin.— Another less common disease is hematospemma 
which IS characterized b)' blood) semen Since most of the seminal 
fluid IS made up of prostatic fluid, it is thought that the blood comes 
from the glandular porbon of the prostate We, as i\ ell as others, have 
found small amomits of dietliylstilbestrol, 0 5 to 1 mg a day for five or 
six weeks, to be i er)’ efficacious in the treatment of tins condition 

CONCLUSION 

Of all the diseases of the gemlounuar)' system for which estrogenic 
therapy is advocated, it would now seem that its greatest field of use- 
fulness IS m the treatment of advanced prostatic cancer 
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CRETINISM 

Lewis M. Hurxthal, M.D., F.A.C.P.® 


CLASSIFICATION OF CRETINISM 

Cretinism is tli)Toid deficiency and was first classified by Pineles as 
follows: (1) congenital atlijTeosis or sporadic cretinism; (2) endemic 
cretinism; (3) infantile or childhood myxedema. f To this may be 
added (4) congenital goiter with cretinism. It is possible the etiology 
of the latter may be similar to tliat of endemic goiter. 

Congenital Athyreosis or Sporadic Cretinism.— In this disorder 
the infant is apparently bom without a tliyroid gland, but on eareful 
search a few follicles of thyroid tissue^* -s have been found. At 

birth these infants may appear normal, are usually of normal length 
and weight and there are few, if any, other physical changes which can 
be detected. They nurse poorly, fail to cry frequently and sleep a good 
part of the time. Recognition of tliis disorder at this time is of great 
importance since the eflFects of little or no thyroid secretion appear to 
create more irreversible changes, particularly in the nervous system, 
than at any otlier period in life (Fig. 28). 

Endemic Cretinism.— A thjToid deficient child who is bom witli an 
enlarged thjToid gland is generaUy considered to be an endemic cretin 
particularly if birth occurs in a region where goiter is common. If this 
happens outside the endemic region it is at times difficult to explain, 
and since several members of the same family may be so affected," the 
tenn “congenital goiter” is used (Figs. 29 and 35). From a clinical 
wewpoint, this differentiation is not important because the subsequent 
course is similar. 

Cretins \wtli goiter, as a rule, are not as profoundly deficient in tliy- 
roid secretion so that their skeletal as well as mental development is 
not always greatly retarded.® In endemic goiter regions cretinism is 
often associated vrith various nervous system defeets, such as feeble- 
mindedness, speech impairment, deafness or deaf-mutism.® In India, 
cretinism associated wth parathyroid deficiency and tetany has been 
described.®® 

Thompson^®’ and otliers have shown, too, tliat thyroid deficient 
patients ^vithout palpable thyroid tissue Avill not respond to the injec- 

From the Department of Internal Medicine, tlie Lahey Clinic, Boston, Massa- 
chusetts. 

” Director, Medical Department, Lahey Clinic; Physician, New England 
Baptist and New England Deaconess Hospitals; Diplomate, American Board of 
Internal Medicine. 

I If the term cretinism is used as above, it should be applied to all cases of 
thjToid deficiency up to the cessation of longitudinal growth whicli is the only 
logical divading line between youtlis and adults. 
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Fig 2S —Cretinism, Infantile mj^xedema or conpenitnl alhjTcosb a, At 7 yenn 
wlicn adequate treatment ^vas begun Padcnl received Inadequate and Irregular 
Ircatnrcnt prcNdously Unable to walk unaided Marked flat feet atKl lumbar lordosis 
h, Tliree months later, c. At 12 years, d. At age 16 the patient liad not taken thyroid 
for some mouths c. Final result normal intelligence height age retarded, radial 
epiphyses closed at 18 yean of age Sella racasrned 9 by 13 mm at 7 >'ean and 11 
b> 14 mm nt 18 years Blood cholesterol when first observed, 460 mg per 100 cc., 
basal metabolic rate — 20 per cent, bone ago of 9 months at 7 years of age strongly 
indicates congenital ath>Tcofis It Is be]Ie\'cd that the early although Inadequate 
treatment In Infancy was responsible for the normal Intolllgenco attained. (From 
Iluiitlial, L. M and Musulln, N Cretinlim Am. J Med, 1 72 Tjulyl 1946.) 
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tion of thyrotrophic hormone, whereas those wjth normal glands or 
with goiter often responded. As long as there is reactive thyroid tissue 
present in endemic cretins swth goiter there may be a partial or com- 
plete retuin of thyroid function and in some cases an excess (Fig. 30). 
It is possible, therefore, for a cretin \vith endemic goitei to recover 
from thyroid deficiency which may have lasted for some years and sub- 
sequently develop a state of hypertlijToidism. When tlie latter takes 
place, or even when normal function is recovered, there is usually a 


iS 


Fig. 29 —n. Cretin, aged 14, wth subslemal goiter ( congenita] ) and conairrent 
tliyroid^^ deficiency before treatment. Basal metabolic rate, — 36 per cent, blood 
cholesterol 360 mg per 100 cc. b. After fourteen montlis’ treatment (From 
Hurvthal, L. M. and Musulin, N Cretinism Am J. Med ,1.66 [July] 1946 ) 

marked spurt m growdh and an increase in mental and physical 
activity. 

Infantile or Childhood Myxedema.— Infantile or childliood myx- 
edema may begin very early m infancy, thus making it impossible to 
distinguish it from congenital thyroaplasia (Figs. 31 and 34). It is 
probable that most infants developing myxedema would have behaved 
fairly normal during tlie first year or so of life. Differentiation might be 
possible by observation of bone age, which will be discussed later. 
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' ETIOLOGY OF CRETINISM 

Congenilal Alhjrcosis.— As stated above, alUiougb these infants 
have no t^alpnble thyroid gland, small amounts of follicular tissue may 
be found in tlie region of the thyroid or even nt tlie base of the tongue, 
their appearance does not suggest a disease process and the cause is 
generally considered to be a defect in embrj'ologic development. Some 
infectious or toxic process sx>ecifically selecting the thyroid in early 
embry'onic life is possible 



Kig 30 —Cretinism \vith concurrent eutlivroidUni arxl subsequent IijTMirthyrold* 
Um Boy, ugid 11, helglit nge 7 >‘car5, bdn<! age 6 >'eaT3 ^tental!y alert, no evidence 
of concurrent thyroid deficiency Basal metabolic rate + 12 per cent, blood choles 
terol 212 mg per 100 cx- The goiter had Increased In the before nclmtafon and 
there had been an impro\’«nent In growth rate, mental and physical acttWty The 
retarded height age and bone ago are stigmata of pre\iou3 thyroid deficiency After 
subtotal thyroidectomy, desiexated thyrokl \vas prescribed, whidi was tnhen for 
sm-erul >*ear8 At age of 22, patient returned nllli recurrence of goiter and hyper- 
thyroidism (basal metabolic rate -f- 32 per cent) First pathologic report, colloid 
adenomatous goiter Second rei>ort (at age 22), colloid adenomatous goiter wltli 
areas of hiTicrplasia (Frcnn Bartels, E C Hyperthyroidlsro De\ eloping In a 
Cretin S Clhu North Amerlcn, 25*670 [June] 3945 ) 

Endemic Goiter.— The cause of endemic cretinism is identical with 
that of endemic goiter The tlieory of Iodine deficiency m the diet or 
water has had many supporters, yet it cannot be proved with certaint>’ 
to bo the pnmary cause Greeuwald** believes tlmt iodine, when ad- 
ministered to children in goiter areas, acts purely as a pharmacologic 
agent rather than supplying the deficiency. McCairlson®® has sho^vll 
experimentally that there may be multiple causes for goiter and that it 
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may develop iii regions where the water supply is adequate in iodine. 
It would appear then from his work, as well as tlie work of many 
others, particularly Chesney, Clawson and Webster," and Mackenzie, 
Mackenzie and McCollum-® that tlie active agents producing goiter are 
numerous, and that some of them occur naturally (cabbage, alfalfa, 
mustard seeds, nuts, com, bran, etc.). Even antigoitrogenic agents may 
be found in these articles. Familial predisposition to acquire goiter is 
also frequently discussed and may be an important factor in etiology. 



Fig. 31.— Cretin, aged 18. Irregularly and inadequ.rtely treated; onset in in- 
fancy; no palpable tigroid; presumably congenital athyreosis. A, Before institution 
of adequate tlierapy. Basal metabolic rale — 18 per cent; blood cholesterol 430 
mg. per 100 cc.; bone age, 11V4 years. B, After three montlis of treatment; 10 grains 
of desiccated thyroid per week. C, After one year of treatnient. Height 491^6 indies 
at 18; two years later, 5314 inches. Pregnancy occurred later ivitli normal baby. 
For bone dianges see Fig. 32. (From Hurxtlial, L. M. and Musulin, N.: Cretinism. 
Am. J. Med., I;67 [July] 1946.) 

Goitrogenic agents may xiroduce goiter by preventing tlie manu- 
facture of tliyroid hormone tlirough tlieir eEect on tlie enzjmiic system 
or by preventing the adequate intake or liberation of iodine by or 
within tlie tliyroid gland itself. Other possibilities, however, have to be 
evaluated, such as tlie interference witli tlie bodily absoiption of iodine, 
altliougli the intake may be adequate, and vitamin as well as nutri- 
tional deficiencies which may predispose to the development of goiter 
witli or ndthout the eEect by goitrogens. Infective agents may work 
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either directly upon the thyroid gland or by interfering \vith tlie ade- 
quate absorption of iodine and \itamins from the intestinal tract. 

Infantile or Childliood Mj’xcdcma.— There is little information re- 
garding the findings in the thyroid in this form of tliyroid deficiency. 
Some of the palpable but barely enlarged th>Toids have tlic consistency 
of colloid goiters and miglit, therefore, be due to essentially the same 
causes os endemic goiter. In some tlie thyroid is very firm and suggests 



Fig. 3£.— (7, Roentgenogram of hand of creUn 18 >Tan old with concurrent 
thyroid deficiency In \^'hlch pre\Hous treatment was Inadequate, b, After three years 
of treatment resulting In complete cplph>'feal demur. Note dense and widened 
phxilangeal bones duo to long-standing hypothyroidism. Heiglit age at 18 years was 
8 years, at 20, 10 years. Paberty began during the first >rar of treatment (sec Fig. 
31). (From Hurxtlial, L. M. and hhisuUn, N.: Cretinism. Am. J Med., [July] 
1940.) 


thyroiditis, while in others no definite tL>ToId tissue can be found. 
Even Nvith what is kno^vn about the production of goiter in animals, 
there is much obscurity in the cause of most thyroid disturbances in 
the human. 


PITUITARY.TinrnOID RELATIONSinp 
Before the discovery of thyrotrophic hormone, it was known that 
some relationship existed behveen the pituitar>' and thyroid. Ni^pce,*^ 
In 1851, noted that the pituitary' glands of cretins were enlarged to 
three or four times the normal size. Subsequently, Rogowitsch” ob- 
served hypertrophy of the pituitary in rabbits after remm'al of the 
thyroid ^ond. These findings have some clinical importance, and will 
be discussed later. With the discovery of the thyrotrophic hormone, 
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wliicli stimulates the thjToid epitlielium and is the chief regulator of 
thyroid acfi\uty, these earlier obsen^ations, just cited, became clearer. 
Althougli tlie thyroid gland has a low level of independent activity it 
is insufficient to maintain normal bodily requirements of thyroid hor- 
mone. This deficiency is the stimulus for pituitary thyrotrophic activity. 
A hypofunctioning thyroid gland, such as found in cretinism or 
endemic cretinism, or its removal, stimulates pituitary actiwty and is 
tlnis responsible for pituitary enlargement. 

THE FETAL REQUIREMENTS OF THYROID HORMONE AND THE 
MATERNAL-FETAL RELATIONSHIP 

The question as to when the thyroid gland of the fetus actually pro- 
duces hormone for its own use is not defim'tely known, but follicles 
appear about the eleventh week of fetal lifei- and colloid shortly 
tlrereafter. Doi-ff“ has expressed the belief that the fetus does not re- 
quire thyroid hormone, at least not untQ the latter part of gestation. 
The finding of retarded skeletal development in congenital atliyreotics 
at birth is evidence that tliyroid hormone is needed by the fetus in the 
latter months, at least, of prenatal life. From the available evidence it 
would appear that the fetus receives only tlie ingredients for the manu- 
facture of thyroid hormone, chief among which is iodine. Iodine de- 
ficiency in the mother from whatever cause would therefore produce 
iodine lack in the fetus resulting in, during tlie latter montlis at least, 
hyperplasia of its thyroid epithelium and deficiency in thyroid hormone 
output. Another possibility causing this change and goiter is the exces- 
sii'e thjTotrophic hoimone from tlie mother which is probably trans- 
ported by the placenta. The causes of excess thyrotrophic hormone in 
the mother could be due to the presence of myxedema or to the action 
of goitrogenic agents. The latter, causing goiter in the motlier could 
also produce goiter directly in the fetus, since there is little doubt fliat 
tliese agents, particularly those similar to thiouracil, can pass directly 
tlirough placental membranes.®- 

To exqilain tlie spontaneous improvement in myxedematous mothers 
during pregnancy'^ or tlie delay of thjToid deficiency in pregnant ani- 
mals until parturition, one must seek another reason for such a phenom- 
enon if it is conceded that thyroid hormone does not pass tlie placental 
barrier. One possibility is the exirathyroidal production of thyroid 
' hormone. The location of this extra thyroidal symthesis is not known, 
but the ovary' has been suspected.-- It has not been demonstrated 
conclusively' that the tliy'roid gland actually syrithesizes the finished 
product which is designated as the tliyroid hormone. It is hkely that 
the gland only manufactures tlie building stones for thyroid hormone 
which are put together by enzymatic synthesis in tlie blood stream, "ii 
such is the case, one finds it less difficult to believe that tliis sy'nthesis 
might also take place under unusual conditions without the aid of the 
tliy'roid gland. Nevertheless, it is probably true that most tliyroid de- 
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ficient women cannot react in this fashion or that the mechanism comes 
into play too late to prevent a miscarriage. 

The thyroid deficient mother may become pregnant and give birth 
to normal children by taking desiccated thyroid. This fact does not 
mean that the active ingredient of desiccated th)Toid permeates the 
placental membrane, but more likely it supplies the tissues of the 
mother with adequate thyroid hormone, and so preventing the 
placental changes tliat might develop from thyroid deficiency as well 
as prosdding adequate iodine for the fetal thyroid when necessary. 
Furthermore, it probably inhibits e.tcess pituitary thyrotrophic hor- 
mone, thus ehminatlng another possible source of fetal hyperplasia. 
The administration of iodine to the mother prevents fetal hyperplasia 
under all known circumstances. It readily passes the placenta.” 

DIAGNOSIS AND TnEATMENT 

It has been pointed out that, aside from retarded bone age at birth, 
or the presence of mi enlarged thyroid, there is little physical evidence 
to arouse suspicion of thyroid deficiency. In utero the fetus requires a 
minimum of thyroid secretion because of its low level of metabolic 
activity. If the bone age at birtli con be used os evidence of thyroid 
deficiency tlien there is on unexplained discrepancy in cretins between 
bone age and the normal proportions in length and weight of the new- 
born. The need for thyroid hormone after birth increases and if the 
infant’s thyroid is incapable of fulfilling the normal requirements, thy- 
roid defidenej’ then becomes more manifest. 

The first signs by wlilch cretinism can be suspected in infancy are 
the failure to nurse well, to cry normally, and a tendency to sleep 
most of the time. The tongue may become enlarged within a few 
months and some dysphagia invariably occurs. Umbilical hernia, while 
not a definite sign of cretinism, is often present. There have been few 
determinations of blood cholesterol shortly after birth, so that it is 
questionable whether this laboratory aid is helpful in diagnosis. It 
has been shown that the marked elevation of blood cholesterol, found 
commonly but not invariably in adult myxedema, may likewise not al- 
ways be present in cretins. The type of ingested food may be respon- 
sible since it is possible to reduce the blood cholesterol in myxedema 
with a low fat dieL The determination of serum precipitable ibdine or 
organic iodine may be carried out in babies but it requires at least 
25 cc. of blood, and is not applicable for use as a routine laboratory 
procedure. A value below 5 gamma per cent would be expected In 
cases of thyroid defidenej' at this age.™ 

Diagnosis in Infancy may, therefore, be difficult. Mongolism is fre- 
quently mistaken for cretinism. A Mongol baby, Itke the cretin, is quiet, 
does not nurse well and may have other abnormalities commonly 
found in this disorder. The most cliaracteristic sign is the slant of the 
eyes. Benda' states that the smallness of the orbits is pathognomonic. 
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The bone age, however, of Mongols at birth is not significantly re- 
tarded to the extent found in congenital athyreosis. The roentgeno- 
gram of the pelvis and lower ends of the femur do not show centers 
of ossification; they are, however, present at birth in the normal as well 
as in mongoloid babies. 

The administration of small doses of thyroid is desirable as soon as 
cretinism is recognized. The use of thyroid as a therapeutic trial dur- 
ing the first few months of life is justified when a real suspicion of 
cretinism exists. No harm can come if it is used wisely. Initial doses 
of 4 to 8 mg. ( 14 c to Vs grain ) per day should be sufficient to 
cause remarkable changes witliin a few weeks. Doses of 16 to 32 mg. 
(% to V 2 grain) should be attempted by the sixth month, and this 
ought to be increased to at least a grain a day by the third or fourth 
year. 

The diagnosis of cretinism or infantile mjccedema in the first few 
years of life rather than during the first months of life should be a 
much easier proposition. Failure to gro^v should lead one to suspect 
thyroid deficiency. The delay in dentition, sweUing of the tongue, and 
the failure to walk or talk at the usual age are characteristic. A ten- 
dency to constipation, dryness of the skin, a bloated or puffy appear- 
ance about the eyes are often found. 

Thyroid deficiency may show many variations in childhood. As a 
rule, the untreated children are mentally sluggish. Eventually their 
mental age falls below normal. Others, although they are few in num- 
ber, do not have much evidence of mental dullness or retardation. The 
sldn manifestations may not be striking. While many develop a pot- 
belly and have accumulations of fat in the nape of the neck and 
supraclavicular regions, some may not show these deposits and are 
actually underweight. The majority, however, are normal ot overweight 
in comparison to their height. Cardiac enlargement® and congestive 
failure-® with polyserous effusions have been reported in cretinism. 
The latter is unusually rare. It responds to the administration of tliy- 
roid in the same fashion as in adults. Enlargement of the heart shadow 
in cretinism is probably more frequent than reported. Roentgen-ray 
studies would undoubtedly reveal a greater incidence. 

Osteochondritis is not an infrequent finding in cases of long stand- 
ing.^ Hypothyroidism has often been considered the cause of slipped 
epiphyses in children, but I have not yet obser\'ed this phenomenon in 
a single case of true thjToid deficiency. Flat feet and lumbar lordosis 
in heav)’^ cretins may produce symptoms, but the latter respond to 
adequate treatment with desiccated tliyroid. 

Deciduous teeth®®’ are retained much longer than normally and 
there may be ewdence in them of defective development. Tliese ab- 
normalities along wth frequent malposition should demand the care 
of the orthodontist. 

The physician who sees an infant fairly often should be the one to 
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recognize thyroid deficiency early. On the other 'hand, the disorder 
may develop so insidiously that the mother or the physician may not 
realize a change is or has been taking place. If a pediatrician or 
family physician has not been consulted regularly, th)'roid deficiency 
often has been present for montlis or possibly several years or more 
before advice is sought By this time bone and height ages are two or 
more >ears below normal." The hair is usually fine, fluffy, and may 
be less than normal. Ebcess hair about the face, trunk and evtremities 
has been described in a few cases whicli upon administering desiccated 
thyroid had decreased in amount.-'- The blood cholesterol is fre- 
quently abore normal. The basal metabolic rate, if it can be de- 
termined accimately, is low. 

Since a cretin is commonly a dwarfed person, a consideration of all 
forms of dwarfism is in order. X-rays of the head should be a routine 
procedure if there is any doubt about the diagnosis of cretinism. Al- 
though Niipce’^ demonstrated that the pituitary may be three or 
four times normal in cretinism, this has apparently escaped imlversal 
notice. 

Enlargement of the sella turcica may be found in most cases of 
cretinism. In a series of thirty-five cases of all types of cretinism studied 
by the author,” the average of die lateral contour area was normal or 
increased in all but one case. BouUne measurement of anteroposterior 
and depth diameters showed an increase especially when compared to 
height age instead of chronological age (Table 1; Fig. 36). This is be- 


TABLE 1 


AstnACE Measurements or the Sexla Turcica m the Korsial Cunji 


(Royster, L. and Rodinan, N. F.’**) 


Age 

1- 3 Ina 
4- 0 “ 
7- B " 
10-12 ' 
13-15 “ 
10-18 “ 


MlUtmeten 
6 09 by 4.45 
7.74 “ 5.44 
8.43 “ eS3 
9.30 “ 0.18 
9,02 " 0.82 
11.00 " 10.00 


lieved to be due to the compensatory effect of thyroid deficiency rather 
than a primary tumor of the hypophj-sis causing myiedema. In border- 
line cases a very small sella should be esddence against the existence 
of cretinism. 

The characteristic response to administered desiccated thyroid is 
the most conWncing proof of thyroid deficiency. Adequate records of 
height can be obtained from the majority of schools and a graph of 
presdous grow-th can be drawn. With this in hand there will be little 
doubt about the acceleration of growth when desiccated thyroid is 

• Todd's bone age standards and Burgess height charts are used. 
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taken. The recoveiy of the mental and physical activity, the marked 
drop in blood cholesterol, and the rapid increase in bone age over a 
period of six months to a year wll serve as the final proof for pre- 
existing thyroid deficiency. 

In the dwarfed child who has an enlarged thyroid, tliere may not 
be evidences of thyroid deficiency because, as pointed out prewously, 



Fig. 33 —A, Cretin wath concurrent thyroid deficiency at 21 months, hanng 
begun at 4 months of age and necessitating gastrostomy because of dysphagia; 
thyroid palpable. Note adenomatous goiter in mother, B, Same patient at 12 years. 
Irregular treatment prior to admission (B. and W. thyroid 14 grain daily equivalent 
to 14o grain U.S.P. ). Treatment thereafter was adequate in dosage but irregularly 
taken; idioL (From Hurxthal, L. M. and Musuhn, N.: Cretinism. Am. J. Med., 
1:71 [July] 1946.) 

thyroid function may have returned to normal. The skin is not dry or 
cool, the puflBness is gone, the mental dullness will have been replaced 
by alertness and physical activity returns to that of a normal child. 
The fat pads and potbelly may have disappeared and bone age may 
approximate height age by a few years. Upon careful inquiry it is 
found that tlie child has had a groNvth spurt during the past few years 
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and that the goiter had become larger. The basal metabolic rate and 
blood cholesterol may be normal. A history of this sort and the finding 
of a subnormal heiglit age ns well ns mental age, support the diagnosis 
of a pre-existing thyroid deficiency (Figs. 30, 35). The term “cretinism 
with concurrent euth>Toidism and past deficiency" may be used in 
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Fig. 34.— Childhood m>'xedenm. A, Age 13, doraUon one year. Chief complaints, 
languor and v.*eight gain, weight 118 pounds. Height age bone age 12 yeart 
and 3 months. SeDa measured 9 by 10 mm. (average normal 9B by 63 mm.). Blood 
cholefiterol 416 mg. per 100 cc , herooglobin 70 per cent; erythrocytes 3,600,0(XI; 
blood sedimentation rale, 60 ram. in one hour. Thyroid, uniformly enlarged, firm, 
suggesting thyToiditis, 

Potlent continued to do well in school despite her letliargy. DlsiUccs cold 
weather. Slight secondary sex development. Including pubic hair but not catomenln. 

B, One year hter. Treatment, 1 grain of desiccated thyToId dally* Weight loss 
of 10 pounds with treatment, then recovered to 109 ijonnds. Grew 2^ irrehes in year 
(iKnrnal rate at this age, 1^ inches). Menstrual perhxis began after three raonlhi of 
treatment. Blood cholesterol, 176 mg. per 100 cc,; hemoglobin 90 per cent; erythro- 
cytes 4,000,000. Two years later, height 02^^ in^es Thyroid normal in size, with 
only slight Brmness. Patient grew a total of 4 inches and changed from 40 per- 
centile curve of Burgess to 60 percentile curve. Weight 116 pounds. Bone ago 143 
vean; blood cholesterol 182 mg. per 100 cc.; aird sedimentation rale 10 mm. per 
hour. This case illustrates ( 1 ) sh^t log In bone age because of short duration of 
thyToid deficiency and (2) regression of enlarged thyroid. 

describing these cases. The administration of desiccated thyroid to 
such Individuals does not cause any improvement, except that in rare 
instances the goiter may become smaller. The failure to alter the 
irreversible changes of a long standing thyroid deficiency, which is 
characteristic of the group, is probably one of the reasons why Euro- 
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pean authors have beheved tliat endemic cretinism consisted of more 
than thyroid deficiency. 

The same change which may come about spontaneously in endemic 
or congenital cretins with goiter also takes place in a c^ld who has 
been given desiccated thyroid. At times it may be doubted tliat a 
child who is taking desiccated thyroid daily had a previous thyroid 
deficiency. The only way to establish a diagnosis when doubt arises 
is by the discontinuance of the administration of desiccated thyroid. 
The physical ew'dences of thyroid deficiency may be slow in appear- 
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Fig. 35.— Congenital goiter (sister of patient sho^vn in Fig. 29). Previous thy- 
roid deficiency (cretinism) and concurrent euthyroidism (normal tliyroid func- 
tion). Age 20, height age 10}4 years (55 inches). Bone age normal. Catamenia at 17 
years of age. Mental status retarded. Basal metabolic rate -f- 12 per cent. Blood 
cholesterol 176 mg. per 100 cc. Thyroid deficiency existed during childhood, causing 
dehayed puberty. Function evidently revived around age of 12 to 15 years. 

ing, but the basal metabolic rate and blood cholesterol should change 
within a few months. It has been shovyn in adults who have been 
given desiccated thyroid for the treatment of obesity that the basal 
metabohc rate may fall quickly on stopping treatment.^ This does 
not mean that a previous tliyroid deficiency existed, but rather sug- 
gests that there has been no need for the manufacture of thyroid 
hormone during the administration of the medication. Consequently, 
when desiccated thyroid is omitted the gland may require some time 
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to recover nnd there mny he n relative and temporary thyroid de- 
flcienc}' in normal children who had taken th)'roid for suspected 
cretinism. This situation will correct itself, but if a true thyroid de- 
Ecienc)' existed previouslj, the characteristics of such tvill gradually 
develop. Some indi\’idunls slow dosvn fairly rapidly on discontinuing 
thyroid while others take a much greater time to des'elop these signs 
nnd symptoms. It is doubtful if great harm can be caused by attempt- 
ing to establish the diagnosis definitely by this means. The procedure 
is to be recommended in childhood, but probably should be dis- 



Fig 86 —Skull of a cretin iho>vfaig on enlarged sella. Sella measures 11 mm 
deep and 11 mra antoropostcrlorly Average nonnol measurements for this ago (11 
years) are 9 36 by 0 18 ram. (From; Hurrthal, L M and Musulln, N.. Credniim. 
Am. J. Med., J;70 [July] 1947 ) 

couraged in infancy since time is so valuable in the prevention of 
Irreversible clmnges of thyroid deficiency in the central nervous system. 

Desiccated thyroid may be given with little danger in chil^ood. 
The vascular system is more elastic and it is unlikely that any serious 
damage can ensue. A dose of 0.065 gm. (1 grain) per day should be 
adequate from the ages of 4 to 8 or 9, and after that it should be in- 
creased to 0.12 gm. (2 grains) by the age of 18. It is probably better 
to give a little too much than not enough. It has been reported that 
some cretins”''*^ do not respond wth the usual acceleration of gnnvth 
seen so commonly. The administration of methyl testosterone in doses 
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of 10 to 20 ing. a day along with desiccated thyroid has been shown 
to increase growth.^3 Its effect, however, is transient and the long- 
range results have yet to be evaluated. It is well to avoid undue 
irritability and nervousness by suddenly flooding the system witli 
desiccated thyroid, although it is probably not harmful to begin with 
the maintenance dose in children. One can give one-quarter to one- 
half of the optimum dose for a period of several weeks to a month 
to avoid too rapid a change. 

If cretinism is present with a large adenomatous type of goiter a 
striking decrease in size may follow the administration of thyroid. It 
is assumed, and I believe it has been demonstrated, that hyperplasia 
is present in such goiters even though myxedema exists. This suggests 
the effect of excess thyrotrophic hormone in attempting to cause ade- 
quate production of thyroid hormone but the thyroid gland is incapable 
of rapidly doing so. This inability may be the result of some goitrogenic 
agent so far unknown or of an inadequate supply of iodine. Eventually 
the tliyroid may respond to stimulation and produce thyroid hormone, 
thus tending to relieve the patient of myxedema. 

The administration of iodine in such instances, as a rule, has no 
effect. Lerman-'’ reported one instance of a cretin with goiter in whom 
the administration of iodine caused a rise in metabolic rate. Subsequent 
observations were not made but the experiment suggests that with 
tlierapeutic doses of iodine the thyroid could manufacture its hormone. 

We have obser\'ed a child who apparently ' had a medium-sized 
coUoid goiter and to whom iodine had been given. Severe myxedema 
developed and was relieved when iodine was discontinued. It can be 
postulated in tliis case that part of the thyroid was relatively inactive. 
Within the coUoid goiter there were comparatively few follicles with 
hyperplasia which were working hard, but successfully, to maintain a 
normal output of thyroid hormone. In such a case, iodine could cause 
involution and a reduction of thyroid hormone output by these follicles. 

Cretins with large goiters should not be subjected to surgery until 
adequate treatment of thyroid deficiency has been carried out. Should 
tracheal compression or intrathoracic extension persist, operation is 
advisable. Their removal for cosmetic purposes is always justified. 
Biopsies should be made more frequently for investigative purposes. 

PROGNOSIS 

Of tliirty-five cases studied by the author, eighteen were followed 
through to maturity, and only three cases were considered to be of 
normal intelh'gence (Fig. 28). Only one was an idiot (Fig. 33), while 
the rest had sufficient intelligence to be employed at menial tasks and 
earn their own living. None of the individuals attained a normal height 
age, but in a few instances the height was such that it could have been 
within normal hmits. Early treatment had been neglected in many, 
chiefly because the condition had not been recognized. It is thought 
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that the end results would have been belter had treatment been started 
earlier in tlie course of the disorder 
Acceleration of and maintenance of normal growtli rate with ade- 
quate treatment is the rule It is seldom more rapid than would be 
expected for the estimated height age Larger doses of thyroid than 
optimal might have increased growth rate beyond normal in some of 
our cases had it been given The wisdom of this procedure, however, 
is doubtful since bone maturation takes place at an accelerated rate, 
so that oventuall) the attained height at maturity would probably be 
no greater because of epiphyseal closure than If a normal rate of 
growth had been maintained It was concluded that the height lost and 
mental deterioration during the period of th)Toid deficienc>" cannot be 
regained but may advance normally from the time of treatment Mental 
age is to be distinguished from mental apathy, the latter vanishmg ^vlth 
treatment Nervous system disorders, such as stuttering speech de 
fects, or occasional tremor or spasticity are rarely o\ercome Hearing, 
howe\er, may be improved In this country deafness appears to be 
uncommon among cretins but is more frequent in adult myxedema 
Normal sexual development and fertility can be expected \vith ade 
quate treatment (Fig 31) European literature® indicates that un- 
treated cretins can propagate successfully It would seem that such 
cases are examples of ^eco^c^y of th>Toid funebon permitting adequate 
development of spermatogenesis and ovulabon 

REFERENCES 

I Abbott, A C. and BaD R P PoUioIogy of Thyroid Gland of Unman Fettu 

and Mrw Bora InCools, Canevd- MAJ , 24 1931 

2. Abclln, I Ober die extrathyreofdalo Enstohung Uiyroiinortig wlrkender Jod- 
vprbindnngen. Klin Wchnsdir, J3 940-942 (June 30) 1934 

3 AndroNvs, F N and Schnotikr, E E Tlw Effrct of Feeding TlilouracU to 

Hem Upon the Tliyrold Gland of Chick* Endocrinology 37 382-384, 1945 

4 Bcndn C. E Mongolism and Crctlnlm New ^ork, Gruno it Stratton, 1946, 

p 18 

6 Bomford, R Anaemia In Myxoedema ond the Role of tho Thyroid GLind in 
Erythropolesij Quart J Med, 7 495-^38 (Oct.) 1938 

6 BrcMTic, S L « Conference on Metabolic A5i)ecti of ConsTilcjcence, IiKhidlng 

Bone and Wound Healing, Ninth Meeting, Feb 2-3, 1945, pp 106-167 

7 Chejnoy, A M^ Clawwjn, T A and Webster, B Endemic Goitre In Rabbit* 

Bull Johas Hopkins Hosp^ 43 201-277, 1928 

8 Curling, T B Two Coses of Absence -of the Thyroid Bad> Med, Chlr Tr>, 

London, 33 303-306, 1850 

9 De Quervoln, F and Wegelln, K. Dcr cndomlsche Kretinisjnus, Berlin, J 

Springer, 1936 

10 Dorff, G B Sporadic Cretinism In One of Twins Am J DU, Childs 
43 1316-1325, 1934 

II Dye, J A ond Maughan, G H Further Studies of Tliyrold Gland, ThjTold 

Gland os Grmvth-PromoHng and Form Determining Factor In De\’oloi)- 
ment of Animal Body Am J Anat, 44 331-379, 1929 
12, Elmer, A W and Scheps, M Sur lo tencur en lh>TOrine et en di lodotyroslne 
de la thyrolde des nonveou n6s ct des foetus, Compt rend, Soc. dc bin),, 
JJS 1370-1372, 1935 



138 LEWS M. HXJHXTHAL 

13. Erdheim, J.; tlber Schilddriisenaplasie. II. Geschwiilste des Ductus th>'reo- 

glossus. III. tJber einige menschliche Kiemenderivate. Beitr. z. patli. Aunt, 
u. z. allg. Path., 35.-366-433, 1904. 

14. Falta, W.: The Ductless Glandular Diseases. Pliiladelphia, P. Blakiston Son 

& Co., 1915. 

15. Farquharson, R. F. and Squires, A. H.; Inhibition of tlie Secretion of the 

Thyroid Gland by Continued Ingestion of Thyroid Substance. Tr. A. Am. 
Phys., 56:87-97 (May 6-7) 1941. 

16. Freiesleben, E. and Kjerulf-Jensen, K.: The Effect of Thioiuacil Derivatives on 

Fetuses and Infants. J. Clin. Endocrinol., 7:47-51 (Jan.) 1947. 

17. Goldsmith, E. D., Gordon, A. S. and Charipper, H. A.: Analysis of Effects of 

Continued Tlilourea Treatment in Pregnancy and on Development of Off- 
spring in Rat. Am. J. Obst. & Gynec., 49:197-206 (Feb.) 1945. 

,18. Greenwald, Isador; Is Endemie Goitre Due to a Lack of Iodine? J. Clin. Endo- 
crinol., 6:708-742 (Nov.) 1946. 

19. Hart, E. B. and Steenbock, H.: Hairless Pig Malady. J. Biol. Chem., 33:313- 

323 (Feb.) 1918. 

20. Hughes, A. M.: Cretinism in Rats Induced by Tliiouraeil. Endoerfnology, 

34:69-76 (Jan.) 1944. 

21. Hurxthal, L. M. and Musulin, N.: Hypertrichosis and Myxedema. Lahey Clin. 

Bull., 4:102-110, 1945. 

22. Hurxthal, L. M. and Musulin, N.: Cretinism. Am. J. Med., 1:56-82 (July) 

1946. 

23. Hurxthal, L. M.; Unpublished data. 

24. Kendle, F. W.; Case of Precocious Puberty in a Female Cretin. Brit. M. J., 

1:246, 1905. 

25. Lerman, J., quoted by Means, J. H.: The Thyroid and Its Diseases. Phila- 

delpliia, J. B. Llppincott Co., 1937, p. 278. 

26. Man, E. B., Culotta, C. S., Siegfried; D. A. and Stilson, C.: Serum Precipl- 

table Iodines in Recognition of Cretinism and in Control of Thyroid Medi- 
cation. J. PediaL, 31:154-160 (Aug.) 1947. 

27. Maresch, R.; Congenitaler Defect der Schilddriise bei einem 11 jahrigen 

Madchen mit vorhandenen “Epithelkorperchen.” Ztschr. f. Heilk, 19:249- 
269, 1898. 

28. MacCallum, W. G. and Fabyan, M.: On the Anatomy of a Myxoedematous 

Idiot. BuU. Johns Hopkins Hosp., 13:341-345, 1907. 

29. Mackenzie, J. B., Mackenzie, C. G. and McCollum, E. V.: Effect of Sulfanilyl- 

guanidine on Thyroid of Rat. Science, 94:518-^19, 1941. 

30. McCarrison, R.: The Simple Goitres. Baltimore, William Wood & Co.-, 1928. 

31. McCarrison, R. and Madliava, K. B.: Life Line of Thyroid Gland. Indian M. 

J. Research (Memoir No. 23), 1932, pp. 3-378. 

32 Ni^ce, B.: Traitd du goitre et du crdtinisme. Paris. J. B. BaiUi^ae, 1851—1852. 

33. Perkin, H. J. and Brown, B. R..; Influence of Tliyroid Gland and of Ovary on 

Metabolism of Iodine; Exi>erimental Study in Dog. Endocrinology, 
22:538-542 (May) 1938. 

34. Pineles, F.: Ueber Tliyreoplasie ( kongenitales Myxoedera) und Infantilcs 

Myxoedem. Wien. klin. Wchnschr., 15:1129-1136, 1902. 

35. Rogowtsch, W.: Die Veriinderungen der Hypophyso nach Entferung der 

Schilddriise. Beitr. z. patli. AnaL u. z. allg. Patli., 4:453—470, 1888-^1889. 

36. Royster, L. T. and Rodman, N. F.: The Size of the Selki Turcica in Relation 

to Body Measurements. Tr. Am. Pediat. Soc., 34:246—266 (May) 1922. 

37. Salter, W. T.; Endocrine Function of Iodine. Harvard Monographs, 1940, 

P- 13. 

38. Seegar Jones, G. E., Delfs, E. and Foote, E. C.: The Effect of Thiouracil ■ 

Hyiwthyroidism on Reproduction in the RaL Endocrinology, 33:337-344 
(June) 1946. 



cnsriNiSM 139 

39. Taykrr» G. L, and Appleton, J. L. T., Jr.: Dental Asi)ect3 of Case of Ehvarflnn 

(Cretinism?). Dental Cosmos, 7J.-1514-131, 1920. 

40. Tliompton, W. O. and Othen; Calorigenic Action of Extracts of Anterior 

Lobe of Pituitary in Man. Endocrinology, 20:55-03 (Jan.) 1936. 

41. Thompson, W. O., Thompson, P. K., Taylor, S. G. and Dlcltie, L. F. N.: The 

Influence of the Pituitary In Thyroid Disease. Tr. 3rd International Goiter 
Conference for Study of Goiter, 1938, pp. 259-257. 

42. Turner, J. G.: Teeth of MicrocophoHa and Cretins, Tr. OdonL Soc. Gr. BrlL, 

34:1-5, 1901. 

43. Wilkins, L.: Conference on Metabolic Aspects of Convalescence Including 

Bone and Wound Healing, Ninth hioetlng, Feb. 2-3, 1045, pp. 158-164. 

44. Williams, R. H.t Further Shldles of Absorption, Distribution, and Elimination 

of TiUouracil J. CHn. Endocrinol, 4:385-3M (Aug.) 1944. 



ENDOCRINE PROBLEMS DURING ADOLESCENCE 


WiLLABD O. Thompson, M.D., F.A.C.P.® 

The signs, symptoms and frequency of endocrine disorders vary 
somewhat at different ages. During adolescence, important changes 
occur in the development of the skeleton, musculature and secondary 
sex characteristics and the integrity of all glands of internal secretion 
is essential for these changes. If hypogonadism is present throughout 
puberty it produces irreversible changes in the skeleton. Normal func- 
tion of the pituitary and the thyroid is essential for normal gro\vth in 
height. 

It wU be the object of this clinic to discuss the more important en- 
docrinopathies tliat occur during adolescence. 

THE ANTERIOR LOBE OF THE PITUITARY 

During adolescence, glandular disturbances resulting from both 
hypopituitarism and hyperpituitarism are encountered. 

HYPOPITUITAKISM 

Deficiencies of aU functions of the anterior lobe of the pituitary may 
be encountered during adolescence. The most common ones are tliose 
associated vdth deficiencies of the growth and gonadotropic factors. 
Deficiencies of both factors may occur in the same individual or there 
may be a deficiency of one, \vith normal production of the other. 

Complete Absence of Function (Panhypopituitarism) .—In rare 
instances, notably as the result of a chromophobe adenoma or a 
suprasellar cyst, dl of the functions of the anterior lobe of tlie pituitary 
may be lost tvith the result that growth is greatly retarded, sexual de- 
velopment fails to occur and there is a marked deficiency of adrenal 
cortical function producing lowering of the blood pressure and some- 
times reduction in the concentration of sodium in body fluids. Tlie 
disturbance in growth and development is very great. Individuals with 
such a pronounced pituitary deficiency are usually rather thin and 
appear older than they actually are. A marked pituitary deficiency 
may, of course, occur urithout a tumor being present. If a tumor is 
present which compresses the optic chiasm, it must be removed 
surgically. 

From the Department of Medicine, University of Illinois College of Medicine 
and Henrotin and Grant Hospitals, Chicago. 
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Patients with n complete pituitary deficiency have a low resistance 
to surgical procedures, and should undergo glandular therapy be- 
fore operative interference is imdertaken. 

There are no very satisfactory pituitary extracts at the present time. 
Treatment of this extreme form of hypopituitarism therefore involves 
the treatment of the various deficiencies that result from the h)i>opituit- 
arism. Specifically, the hypothyroidism, hj-pogonadism and hypio- 
adrenalism should be corrected by appropriate measures and then 
operative removal of the tumor undertaken if indicated. Following 
surgical intervention, a permanent pituitary deficiency remains and the 
glandular therapy instiiuted before operation must be continued. 

Two developments have recently occurred in Evans’ laboratory 
which may result in some improvement in therapy in patients of this 
type. One is the isolation of a purified growtli hormone, and the other, 
the isolation of the adrenocorticotropic hormone whicli stimulates some 
of the functions of the adrenal cortex. 

Pituitary Dwarfiem.— Pituitary dwarfism may be part of the pic- 
ture of so-called panhypopituitarism. It may be present without im- 
pairment of other pituitary functions, or tliere may be a partial loss 
of other functions, such ns the gonadotropic and thyrotropic fimctions. 
Pituitary dwarfism usually begins during the first few years of life. Most 
pituitary dwarfs have relatively normal body proportions up to the age 
of puberty. Tlie most outstanding abnormality is their short stature. At 
tlie age of puberty, if there is an associated hjTJOgonadlsm, tlie effects 
of this disorder on the skeleton become evident. 

Unfortunately, there is at the present time no commercial prep- 
aration of the pitnitary growth factor that is very effective. If fJiere 
is an associated hypogonadism at least part of the skeletal and mus- 
cular growtli associated with normal puberty can be produced in the 
male by the administration of chorionic gonadotropin and male sex 
hormone. In tlie female the administration of estrogenic material causes 
a corresponding t)'pe of growth. These materials, however, are not 
substitutes for the pituitary growtli hormone without which the skeleton 
cannot become normal in length. They induce that component of 
growth associated with puberty. If there is no associated hypo- 
gonadism, puberal growth will occur ivithout the administration of 
Uiese materials. 

There is no way at the present time of causing normal growtli ii, 
height of tlie pituitary dwarf regarxlless of the age at which treatment 
is started. Tlie use of desiccated thyroid is of no value in stimulating 
groivth in these indiidduals. While both the thyroid hormone and 
pitultarj’ growth hormone cause growth of the skeleton in length, one 
is not a substitute for the other and the skeleton cannot attain normal 
length if eitlier is absent. 

Frfihlicli Syndrome.— The Frbhlich syndrome is characterized by 
fullness of the breasts and abdomen, small genitalia, genu valgum. 
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narrow shoulders and broad hips. In the more extensive forms, tlie 
abdomen is very large and hangs down like an apron over a lower 
transverse fold which lies just above tlie pubic bone. This abnormalit)' 
occurs in both sexes and usually begins between the fifth and tenth 
year of life but it may appear at any age before puberty. Patients who 
sufiFer from this disorder are usually normal in height. The seUa turcica 
is often smaller than normal, altliough in very rare instances, a tumor 
may be present. There is sometimes a moderate lowering of the basal 
metabohsm. The rate is rarely lower than minus 25 per cent. It is 
generally considered that the hypothyroidism and the hypogonadism 
are tlie result of hypopituitarism. 

The most important part of tlie treatment in the male is the ad- 
ministration of chorionic gonadotropin which stimulates tlie production 
of male sex hormone by the interstitial cells of the testes. As a result 
of this therapy alone, normal configuration of the skeleton is assured. 
The hypothyroidism should be corrected by the administration of 
desiccated thyroid, and the obesity, by a suitable weight reducing 
diet. 

In the female, chorionic gonadotropin is not as effective a tlierapeutic 
agent as in the male, and it is usually better to rely on substitution 
tlierapy with estrogenic material. 

Secondary Eunuchoidism.— Eimuchoidism may be secondary to 
lack of stimulation of the gonads by the pituitary. Eunuchoid indi- 
viduals are usually normal in height. In the male, eunuchoidism may or 
may not be associated with undescended testes. 

Diagnosis of this type of eunuchoidism can be made chemically by 
determining the production of gonadotropic hormone in the urine. If 
this is present in normal quantities or in excess, it may be assumed that 
the eunuchoidism is primary in type. If it is present in reduced quan- 
tities, it may be assumed that it is of the secondary type, 

If laboratory facilities for hormone assays are not available, the 
diagnosis can be made in the male by a therapeutic trial of chorionic 
gonadotropin. If this material induces growth of the genitalia and the 
development of other secondary sex characteristics, it may be assumed 
that tlie eunuchoidism is of the secondaiy'^ iyp^- 

In the female, stimulating agents are not very satisfactory and it is 
usually best to use some suitable estrogenic material. Since the de- 
ficiency is permanent, treatment is necessary throughout the patient’s 
life. It is very important to begin treatment at the beginning of puberty 
so that the skeletal abnormalities associated with hypogonadism will 
not occur. 

Anorexia Nervosa.— Anorexia nervosa may be confused with marked 
hypopituitarism. It is mucli more common in the female than in the 
male and usually begins before the thirtieth year of life and commonly 
during the adolescent period. 

The underlying cause is usually psychogenic in nature and very often 
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involves a desire on the part of young women to avoid becoming obese. 
They usually go on diets of their owm choice which are inadequate 
in many respects. As times goes on, their appetites fail and a marked 
state of raalutiition sets in. 

As a result of tire malnutrition, various glandular deficiencies de- 
velop. There is usuallj’ failure of the anterior lobe of the pituitary', and 
secondary to this, hypothyroidism, hypogonadism and hj^roadretialism. 
The patients become listless and tire basal metabolism may drop to a 
level of minus 40 to minus 45 per cent. The e.xtemal genitalia show 
some atrophy. Tire breasts lose fatty tissue but usually remain fairly 
well developed and contain a considerable amount of breast tissue. The 
blood pressure drops because of the deficiency of the adrenal cortes. 

Various cmotioual factors of a rch'glous and se.xual nature may be 
involved. 

A great deal of improvement may be produced by increasing the 
caloric Intake, but it is extremely difficult to persuade patients of this 
type to eat an adequate amount of food. However, correction of the 
nutritional state alone does not cme the patient. The glandular de- 
ficiencies produced by the state of malnutrition may persist for several 
years after the body weight reaches a normal level. 

Inasmuch as satisfactory pituitary e.stracts are not now available, 
the glandular deficiencies secondary to the hypopituitarism must be 
corrected. Thus, the patients must receive desiccated thyroid, estrogenic 
material and adrenal cortex extract It is usually necessary to continue 
tlie administration of these materials for a period of two or three years, 
after which time some recoxery may occur in the patient’s own ^ands 
of internal secretion as a result of the improved nutritional state. How- 
ever, the glandular deficiencies may persist to some extent for a period 
of many years. 

It is Important in the treatment of these patients to combine ade- 
quate glandular therapy with psychotiicrapy. Striking improvement 
occurs if the patients follow instructions, but in some instances it is 
extremely dilBcult to secure tlieir cooperation and the disease persists 
for a long period of time. 

Some patients go from one extreme to the other and alternately lose 
excessive amounts of xveight and gain excessive amounts of wei^L In 
them the hypothyroidism and hypogonadism which develop during the 
period of loss of weight may persist when tlio body weight goes, above 
the normal level. 

irrpEBPrroiTARisxr 

GlgRulIam.— Pituitary gigantism is rare and is caused by an over- 
production of pituitary' growth factor before epiphyseal closure. The 
condition may be associated with an eosinophilic adenoma of the an- 
terior lobe or w4th hyperplasia of the eosinophilic cells without an 
adenoma. Sometimes the development of an eosinophilic adenoma 
results in pressure on fl'® other cells of the anterior lobe so that their 
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function is impaired. As a result, some individuals with gigantism suffer 
from mild degrees of hypothyroidism and hypogonadism. 

In tlie eai'ly stages of pituitary gigantism, it is not easy to make a 
diagnosis if a tumor is not present. In determining whether gigantism 
is present or not, it is very important to know what the normal height 
of the individual is. The family history is of great value and it is also 
of importance to determine the growth expectancy from any suitable 
growth data, such as a Burgess chart. 

Pituitary gigantism is usually treated by roentgen-ray therapy over 
the pituitary. The pituitary is rarely large enough to compress the optic 
chiasm. It is only under these circumstances that operative inter- 
ference is considered. As the time of epiphyseal closure approaches, 
the facial appearance of tlie individual gradually becomes acromegalic 
and gigantism is gradually replaced by acromegaly. The overproduc- 
tion of growth factor is not easy to correct by roentgen-ray tlierapy 
and is apt to persist for many years. If any glandular deficiency is 
associated with gigantism, it must be corrected by appropriate therapy. 

THE THYROID 

The most common thyroid disturbances encountered during adoles- 
cence are simple goiter, hypothyroidism and hyperthyroidism. 

Simple Goiter.— Simple goiter has almost been eliminated by the 
use of iodized salt. In goitrous areas of tlie world in which endemic 
goiter has lasted for generations, endemic cretinism has been the result. 

Endemic cretinism has not occurred in the goitrous areas of this 
country because endemic goiter has not lasted long enough and has 
now been ehminated. Endemic goiter and endemic cretinism did, 
however, occur in many domestic animals in goitrous areas and were 
ehminated by the simple expedient of adding iodine to their intake of 
food. 

The prevention of simple goiter by proper prophylaxis is an im- 
portant public health measure. One of the end results of simple goiter 
is the development of adenomas in the tliyroid which may give rise 
to hypertliyroidism and carcinoma. 

Hypothyroidism.— Hypothyroidism may develop during adoles- 
cence or may be the residt of a thyroid deficiency occurring at an 
earher age. The manifestations of hypothyroidism developing during 
adolescence or childhood are similar to those of adult myxedema with 
the e.\ception tliat hypothyroidism occurring diuing die developmental 
period results in dwarfism, hj'pogonadism and delay in epiphyseal 
closure. 

The milder forms of hj'pothyroidism produce less marked changes. 
There may be some delay in the onset of puberty. Menstruation may 
be scantier and the menstrual periods may be prolonged. Tliere is 
often a little dryness of die sldn and constipation. Many of the milder 
forms of hj'poduToidism in adolescence are secondary to hypo- 
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pituftansm and the distinction between primary and secondarj' hypo- 
thyroidism can he made only by the administration of desiccated 
tliyroid If all of the manifestations of hypothjToidism are corrected 
in this manner, it may be assumed that tlie hyiiothyroidism is pnmary, 
whereas if they persist, it may be assumed that the Iiypothyroidism is 
secondary in type 

\Vlien mj^edema deielops during childhood, it is extremely im- 
portant to conhnue the treatment during the penod of adolescence 
because a normal concentratioii of tliyroid hormone is essential for all 
of the glandular changes tliat occur during this penod If the treat 
ment of cretinism (hypothyroidism of infancy) is delayed until tlie 
onset of adolescence, grow tli to normal height wall not occur although 
a great deal of improvement wiU be produced 
The development of the hrain is affected more than that of the 
skeleton The brain doubles m size dunng the first year of life, and 
absence of the thjToid hormone for only a few montlis during this 
period, results m permanent damage to this organ 
Tlie skeleton can withstand a longer penod of absence of thyroid 
hormone and recover almost completely How’ei’er, if the treatment of 
crebnism is delayed until the onset of adolescence, the skeleton can 
nes'er become normal in length, although it may grow a great deal 
Hypcrtliyroldiem.— Hyperth)TOidism is not os common during 
alolescence as it is a little later in life It is usually of the exophtlialmic 
goiter XTinety, and nodular goiter with hjperthyroidism is not very 
often encountered Mamfestntions of tlie disease are the same as in 
later life and the treatment is the same 
There has been a reluctance on the part of some workers to remove 
any tliyroid tissue in patients with hyperthyroidism during the period 
of adolescence, but there is no reason to alter the treatment at this age 
Important advances have occurred in the treatment of tone goiter 
in the last few years, notably as the result of the introduction of nnb- 
tliyroid drugs and radioactive iodine Radioactive iodine is still under- 
going tlierapeuhc trial 

The \alue of antithyroid drugs has been definitely estabhshed 
Propylthiouracil is the one most commonly used It produces fewer 
toxic reactions than thiouracil although it is not completely free from 
danger The possibility of the development of agranulocytosis, al 
thougli rare, must alwai s be borne in mind This drug has been used 
in two ways ( 1 ) to treat the disease medically, ( 2 ) to prepare patients 
for operation It has been demonstrated that, when used for medical 
management, a permanent remission occurs in more than half of the 
patients if the basal metabolism is maintained at the normal level by 
the administration of the drug for at least one year before it is dis- 
continued In unsuccessful cases, a permanent cure may result with a 
second or a third course of treatment 
MTien propylthiouracil is used for preopemtive preparahon, it 
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possesses the great advantage over iodine that it completely abolishes 
the hypertliyroidism so that patients come to operation with a normal 
rate of basal metabohsm. As a result, the mortality from thyroidectomy 
has dropped almost to tlie vanishing point. The usual procedure is to 
give propylthiouracil until tlie basal metabolism becomes normal and 
tlien give iodine in addition for one week preceding operation. Pro- 
pyltliiouracil may be omitted at the time of operation but tlie adminis- 
tration of iodine is continued until the patient is discharged from the 
hospital. 

While tlie development of antithyroid drugs represents an important 
advance; no drug available at present represents the final answer to 
the problem. It is desirable to have a drug ivhich will control thyro- 
toxicosis permanently without producing any toxic symptoms. More- 
over, tliere is enough ewdence available at the present time to indicate 
that exophthalmic goiter is not a simple disease but is the result of a 
comphcated chain of events in which the thyroid is only one link. The 
cause of the disease probably lies outside of die thyroid gland and in- 
volves stimulation of the diyroid by the pituitary. The time may there- 
fore come when the treatment of this disease will not be directed at die 
thyroid at all, but at die mechanism involved in di)'roid stimulation. 
The treatment of hyperthyroidism is in a state of flux and everything 
WTitten on the subject up to two or three years ago is now out of date, 

THE PARATHYROIDS 

Diseases of the parathyroids are only occasionally encountered dur- 
ing adolescence. Hyperparathyroidism is very rare at this age, but 
parathyroid tetany is occasionally encountered. It may be of the spon- 
taneous or of the postoperative variety. The manifestations of hypo- 
paradiyroidism are the same in adolescence as in later life and the 
disorder can be completely relieved by appropriate treatment with cal- 
cium and dihydrotachysterol or large doses of vitamin D. It is im- 
portant to make the diagnosis as early as possible so that the develop- 
ment of complications, notably bilateral cataracts, can be avoided. 
Occasionally, the same patient has hypoparadiyroidism and idiopathic 
epilepsy. Under these circumstances, it is not always easy to determine 
when epileptic seizures are the result of the parathyroid deficiency and 
when they are caused by the epilepsy per se. Moderate lowering of the 
concentration of calcium ions in body fluids appears to predispose to 
epileptic seizures and indmduals will epilepsy may develop epilepti- 
form seizaires wth only moderate depression of the serum calcium. 

THE ADRENALS 

Disorders of die adrenals are relatively uncommon during ado- 
lescence but are occasionally encountered. In rare instances, Addison’s 
disease develops during childhood. The manifestations of the disease 
are tlie same as in later life and the treatment is the same. 
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Pheocliromocj’toma (tumor of tlie adrenal medulla) occasionally de- 
velops during the adolescent period ivith all of the manifestations of 
over-production of adrenalin including transient attacks of hyper- 
tension. 

Masculinizing tumors of the adrenal corte.x are occasionally encoun- 
tered in females during tlife period of adolescence with overproduction 
of androgenic material and the development of hirsutism, lowering of 
the pitch of the voice, masculine musculature and enlargement of the 
clitoris. Treatment consists of the removal of tire tumor unless It is 
malignant and bound down to surrounding tissues so that it Is inop- 
erable. 

THE TESTES 

Tlieoretically, botli hypogouadism and hjpergonadlsm, may be en- 
countered but in actual practice hypergonadism is rarely seen. Coses 
of hypogouadism constitute an important part of the endocrinopathles 
encountered during adolescence. Hypogonadism may be primary or 
secondary. The primary type is the result of a defect in the testis itself, 
and the secondary type is caused by lack of stimulation of the testis by 
the anterior lobe of the pituitary. 

The testis contains two important functioning units, the seminiferous 
tubules and the interstitial cells of Leydlg. There appears to be a 
reciprocal relation between these two parts of tlie testis, and os a rule, 
in hypogonadism there is a deficiency of both functions. However, they 
may be affected independently of one another so that azoospermia may 
be present in an individual who produces fairly large quantities of 
male sex hormone. Conversely, spermatozoa may be produced in the 
presence of deficiency quantities of male set hormone. In actual prac- 
tice, this phenomenon is rarely encountered. Defective spermatogenesis 
witli fairly adequate production of male sex hormone is more common. 

The anterior lobe of the pituitary produces two gonadotropic hor- 
mones. One is folUcle-stlmulnting, and the other is luteinizing. A de- 
ficiency’ of one is usually associated with a deficiency of the other, but 
they also may vary Independently of one another so that there may be 
an adequate quantity of follicle-stimulating hormone and a deficient 
quantity of luteinizing hormone, or the reverse. Thus, primary and sec- 
ondary hypogonadism must be further subdii'ided into primary and 
secondary types involving a deficiency of both testicular functions, and 
primary and secondary types involWng a deficiency of cither the 
spermatogenlc function or the androgenic function without disturbance 
of the other. Theoretically, then, there are at least six different types 
of hypofunedon of the testes. 

In actual praedee, an individual showing a deficiency of one funedon 
usually shows some ex'idence of deficiency of. the other, although one 
type of deficiency may predominate. A great deal of informadon is now 
being accumulated on various types of tesdcular hypofimction by the 
combined use of hormone assays and tesdcular biopsy. 
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Primary Hypogonadism.— The most common type of primary 
hypogonadism encountered during adolescence is eunuchoidism. In 
this condition, there is loss of testicular function of varying degrees and 
it may be associated with intra-abdominal undescended testes or with 
small atrophic testes in the scrotum. 

As stated in the section on the pituitary, the type of hypogonadism 
may be determined either by measurement of die gonadotropic hor- 
mone in tlie urine or by a tlierajieutic trial of stimulation therapy using 
chorionic gonadotropin. It is important to begin treatment early in 
pubert}^ so that the skeletal abnormalities caused by hypogonadism 
will not occur. When hypogonadism ^lersists during puberty, the trunk 
remains short in proportion to the extremities, tlie shoulders are narrow 
and tlie hips broad. Genu valgum is usually present. All of these ab- 
normalities are prevented if adequate treatment is started early in 
puberty. Genital growtli can become maximum only when adequate 
treatment is started at the age of II or 12 years. If treatment is delayed 
untd after the age of pubert}', genital growth will occur, but it does 
not become maximum. 

Stimulation therapy is not entirely satisfactory at the present time. 
The only effective stimulating agent, namely, chorionic gonadotropin, 
is luteinizing in character and therefore stimulates only the function of 
tlie interstitial cells and not that of the seminiferous tubules. Other 
gonadotropic hormone preparations available at tlie present time, 
namely, pituitary gonadotropin and equine gonadotropin, contain a 
preponderance of follicle-stimulating material but cause only transient 
or inadequate stimulation of the seminiferous tubules. 

Treatment with chorionic gonadotropin should be carried out first 
to determine whether or not any response occurs. If tliere is no response 
within a few weeks, it should be discontinued and treatment with 
testosterone propionate begun. This should be administered in a dose 
of 25 mg. three times a week by intramusculai’ injection. Since the 
deficiency is permanent, treatment must be continued for the rest of the 
patient’s life. 

Eunuchism is rare during adolescence although patients are occa- 
sionally encountered in whom testes have been lost as a result of injury 
or have been completely destroyed by infection. The treatment is the 
same as in the primar}' type of eunuchoidism and involves the admin- 
istration of testosterone propionate. 

Secondary Hypogonadism.— The most common type of secondary 
hj'pogonadism associated Avidi puberty is that encountered in the 
Frohlich sjmdrome. Secondary types of eunuchoidism are not imcom- 
mon \rith or without undescended testes. Chromophobe adenomas of 
the pituitarjr are rare but are occasionally encountered during ado- 
lescence, and when present, always result in a secondary type of hy- 
pogonadism. As aheady indicated, the presence or absence of second- 
ary' hypogonadism can be determined by the clinical response of the 
patient to chorionic gonadotropin. 
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Undesccndeil Tcsica.— Failure of testicular descent may be eithei 
unilateral or bilateral, and when bilateral, may be associated unth 
ennuclioidism. Undescended testes should bo treated at a veiy' early 
age, but cases are often cneountered during puberty in wlilch treatment 
has not been carried out. If puberty has already started and some 
genital growth has occurred without testicular descent, then operative 
correction of tlie abnormality should be undertaken without glandular 
thefapy. If the patient is seen at the beginning of puberty before any 
genital growdli lias oecurred, treatment should be earried out with 
ehorionic gonadotropin. A dose of 500 international units should be 
administered three times a week by Intramuscular injection for 
from eight to ten weeks. If descent fails to occur after moderate 
genital groMih has taken place, the testes should be brought into 
tlie scrotum by operation. It is Important that the otieration be carried 
out by a surgeon who has had a great deal of experience in the cor- 
rection of tin's abnormality. There arc many dehcate structures in the 
spermatic cord, including the artery that suppUcs tlie blood to the 
testis. When an undescended testis is brought doivn into the scrotum at 
puberty, it usually enlarges, but it remains smaller than the testis that 
has been in the scrotum from the time of birth. Glandular therapy is 
effective in correch'ng the deScienoy in only about 25 per cent of the 
cases of undescended testes but is valuable treatment preceding opera- 
tion because of the enlargement it produces in all of die parts involvetl. 
This enlargement makes operative correction of the abnormality much 
easier. 

Tumors of the Testes Tumors of the testes are rare during adoles- 

cence aldiougli feminizing tumors and various types of malignant 
tumors do occur. 

THE OVARIES 

Hypofunction of the ovaries is common but clear-cut cases of hyper- 
function are difficult to demonstrate. As in the case of die testes, 
hypofunction of the ovaries may be either prim.ary or secondary. Pitui- 
tary, equine and chorionic gonadotropins are not very effective in the 
female. They do produce some stimulation of function. In some young 
women with secondaiy amenorrhea, menstruation has been produced 
with pituitary gonadotropin. Its effect, however, appears to be tem- 
porary, Chorionic gonadotropin in large doses (8,000-10,000 units 
dally) may produce cysts of the ovaries. In some women with sec- 
ondary hypogonadism it may produce moderate stimulation of ovarian 
function in moderate doses such as 600 I.U. three times a week. In 
most cases of hyjihgonadism in the female, it is necessary to resort to 
substitution therapy. Early diagnosis is important but much more diffl- 
cidt in the female than in the male because of the greater dlfScultv in 
palpating the gonads. Treatment is therefore apt to be started at a 
later age than in the male ivith the result that the skeleton is likely 
to be pernianendy damaged. 
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The manifestations of hypogonadism in the female are similar to 
tliose in the male including the lack of development of the secondary 
sex characteristics and the changes in the skeleton. 

The most common type of secondary hypogonadism is tliat associ- 
ated with the Frohlich syndrome. In rare instances, as in the male, it 
may be associated with a chromophobe adenoma of the pituitary or 
with a suprasellar cyst. In most cases of hj’pogonadism in the female, 
it is necessary to rely on substitution therapy with estrogenic material. 

ABNORMALITIES OF DEVELOPMENT 

Various abnormahties of development rnay be encountered in both 
the male and the female drfling the adolescent period. Some defect 
may occur in the development of any part of tire genital apparatus. 
One of the most common developmental defects is pseudohermaphrod- 
ism in which the individual has the external organs of one sex and the 
internal organs of the other. Very often genetic males are brought up as 
females because of the appearance of their external genitalia. There 
may be a vaginal opening with the urethral opening in the feminine 
area. The methral folds fail to unite wnth tire result tliat hypospadias 
develops. Testes may be palpable in the inguinal region on either side 
although tliey may be inside tire abdomen. At puberty, the clitoris en- 
larges to tire size of a small penis. The voice changes, hair appears all 
over the body and a masculine tj'pe of musculature develops. Individ- 
uals of this type are commonly brought up as females and the mistake 
is discovered only after they have gone through puberty. Careful palpa- 
tion fails to reveal any uterus. The upper two-thirds of the vagina may 
be absent, but the lower vagina which comes from a different source 
embryologically, is present. 

I recently observed an interesting and distressing abnormality of de- 
velopment in a young woman 18 years old. She consulted me because 
of her failure to menstruate. It was the mother’s impression that she 
had an ovarian deficiency. Careful examination of the patient revealed 
the fact that most of her secondary sex characteristics were well de- 
veloped. Her breasts, altliough not large, were within normal limits of 
size and contained a large amount of breast tissue. Her labia minora 
were weU developed. She had a normal amount of pubic hair. Her 
body proportions were normal. There was a very small opening in the 
vaginal area. Examination under an anesthetic showed that this was 
the urethral opening and tliat no vaginal opening was present. On re- 
peated rectal examination, no uterus could be felt. VHiether a vagina is 
present or absent is still to be determined by surgical exploration. The 
adequate development of all of her otlier secondary sex characteristics 
leaves no doubt tliat the patient has normally functioning ovaries. An 
abnormality of this tj'pe is apt to result in very distressing emotional 
complications. 
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PhsTUBBANCES in lincor growth as manifested by understature, under- 
size or dwarfism (real or supposed), or by overgrowth, oversize or 
gigantism are important causes for seeking medical advice. We have 
stuaied a number of boys and girls of abnormal stature, tire majority of 
whom have been unusually small. A number of categories have been 
selected for this clinical presentation. 

UNDEnSTATUIlE 

Boys and girls eshlbiting varying degrees of stunted growth may 
e.\perience problems in tlieir personality adjustment. They may be " 
retarded in their emotional development as a consequence of being 
treated as younger than their actual age. They may develop compen- 
satory types of behasior whicli may take tlie form of minor delinquen- 
cies, an excessive degree of self-assiu-anee or a submissive attitude and 
an attempt to play an infantile role. The physician can play an im- 
portant role in the management of patients svitli understature and help 
them make a satisfactory adjustment so that they can attain a normal 
emotional and social development 

The doctor must ha\'e full appreciation of the many causes for ar- 
rested skeletal development and tlic multiplicity of factors encountered 
whidi contribute to the picture ol the undersized patient The phj’S- 
ician must realize that some children exhibiting undersize may spon- 
taneously improve during adolescence. It is to be emphasized that some 
alterations must be made in our accepted standards ns to when growth 
stops, for we now kmow that growth continues in numbers of patients 
past the usual accepted periods. By roentgenologic studies of Uic long 
bones we can determine the question of continued linear growth. 

There are some undersized children in whom die condition appar- 
endy is not genedo and is unrelated to disturbances of the endocrine, 
skeletal, renal, cardios'ascular and other systems of the body. Talbot 
recendy studied such a group in whom the stunting of growth was 
seemingly caused by caloric deficiency due to feeding difilculdes as- 
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sociated \vitli various maladjustments. It has been suggested tliat when 
cliildren are constantly on small dietary intakes tliere is a tendency for 
an adaptation on the part of tlie pituitary to provide for slower growth. 
We have noticed that some infants ivith feeding diEBculties fail to grow 
at a normal rate, nevertheless dietary inadequacies seem to iilay little 
part in our dwarfish patients usually seen at a later age period. In other 
infants growth proceeded at a normal rate until the onset of an in- 
fectious process with a residtant persistent anore.\ia. After recovery 
from tlie illness growth seemed to proceed at a retarded rate. The fact 
that an increased caloric and protein intake does not always stim- 
ulate growth in tliese individuals emphasizes that presumably develoxi- 
ment proceeds at a uonnal rate only in the presence of adequate 
anabolic hormones. It has been suggested that spurts in growth may be 
accomplished by the daily administration of oral androgens at regu- 
lar intervals. 

r Hypothyroidism.— Of the endocrine causes for dwarfism, thyroid de- 
ficiency is die most readily recognized, the following aiding tlie diag- 
nosis: lowered basal metabolism, elevated cholesterol, diminished or 
absent urinary creatine excretion, decrease of serum protein-bound 
iodine, retardation of caipal development, epiphyseal dysgenesis, and 
spectacular unprovement foIlo\ving therapy. We should like to call 
attention to die htde appreciated finding of muscular hypertrophy in 
association with thyroid deficiency. 

It is extremely important to rnle out statural underdevelopment due 
to hypothyroidism in die adolescent. We have had a number of recent 
experiences which stress this. Failure to make the correct diagnosis has 
resulted in the loss of valuable time for these children mistakenly 
treated with grov^i hormones for years \vithout results. 

In 1941 we discussed a patient who was inadequately treated widi 
diyroid extract, who received large amounts of pituitary growth ma- 
terial widi no increase in stature. In addition, this patient had consti- 
pation, a protuberant abdomen and megacolon. These symptoms led to 
a diagnosis of Hirschsprung’s disease and a subsequent unwarranted 
lumbar sjnnpathectomy. 

The most recent experience is wth a 12 year old girl referred because 
of “lacking in normal physical development, and dryness of skin, sug- 
gestive of senility. Anterior growdi hormones, wtamins and tonics were 
administered.” Our impression from a cursory examination was that of 
thyroid deficiency. Several attempts to perform basal metabolic tests 
were unsuccessful because of lack of cooperation. Peripheral blood 
studies revealed a hjpochromic anemia. The serum cholesterol was 344 
mg. per 100 cc. of blood. Electrocardiographic tracings showed T.-; 
practically isoelectric. There was retardation in ossification of the 
carpal bones and irregularities of both humeral epiphyses. 

Recently a 16 year old high school boy came himself because of 
undersize and overweight. In our e.\perience it is rare tliat studies of 
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Fig 37 —Upper, Female hypothyroid, aged 8, Vv’ith brolhen of 4 and 6 Cam® 
III primarily ai o stahiral problem Lower, Ten month* later after receiving thyroid 
extinct 

basal metnbobsm are not made In fat children and that thyroid extract 
Is not administered for the adiposity’ Unfortunately it was not for, had 
thyroid been given a remarkable transformahon would have been 
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noted. The rate when determined was minus 39, the serum cholesterol 
was elevated and changes in the carpal centers were consistent with 
hypothyroidism. With regard to basal metabohsm, we should like to 
emphasize that although a valuable test it is not specific. Hypometab- 
ohsm is not necessarily synonymous with h)'pothyroidism. This is 
borne out in obese children in whom, on tlie basis of lowered rates, 
borderline thyroid deficiency is diagnosed. In a niunber of studies of 
the usually encountered adiposity there was httle otlier evidence to 
postulate such a diagnosis. 

In our experience, adequate dosage is determined by physical, os- 
seous and mental growth and by the avoidance of severe toxic symp- 
toms. Since a rigid table of dosage is impracticable we prescribe the 
following average doses: 


Age Daily Dose of Thyroid 

6 months to years % to V/y grains ( 0.03 to 0.09 gm. ) 

Vz-y to 8 years 1 to 3 grains (0.06 to 0.18 gm.) 

8 years to adolescence lYj to 3 grains (0.09 to 0.18 gm.) 


Not infrequently it has been necessary for us to employ much larger 
doses than mentioned in order to obtain optimal responses. 

Pituitary D^varfism.— The diagnosis of anterior pituitary dwarfism 
is made with but few exceptions by the exclusion of other causes for 
arrested development rather than by positive proof. The positive diag- 
nosis of this condition by finding roentgenologic evidence of intra- or 
extracellar tumors is rare. The diagnosis is tlierefore a presumptive one 
based on the follo\ving clinical evaluations: (1) understature; (2) 
symmetrical proportions; (3) sexual infantilism; (4) delayed epi- 
physeal closure; (5) history of normal growth to about two to three 
years of age wth sudden deceleration in rate of growth thereafter. The 
undersize is usually apparent by the fifth to the sixth year of age. 

The treatment of pituitary dwarfism raises two questions: (1) the 
most effective metliod for obtaining hnear growth; (2) the time at 
which therapy should be instituted. The use of preparations of the 
anterior lobe of the pituitarj'^ gland, containing the growth-promoting 
substance, in cliildren xvith varying subnormal rates of growth, has met 
with unsatisfactorj' resnlts in our experience. The administration of 
cliorionic gonadotropins in male children and gonadal substances in 
male and female children has been accompanied by partially successful 
results. Our practice is to initiate treatment with gonadotropins in an 
attemiDt to obtain linear growth. If in treatment, usually using 25,000 
R.U., suggestive results are not obtained, we resort to substitution ther- 
apy until androgens, best given intermittently, to promote spurts of 
growth. Some clinicians believe that the most effective way of increas- 
ing height at the present time is through the use of androgens which 
act as definite factors affecting the growtii mechanism. Tlie use of 
androgens before the age of 16 years has been questioned. Their early 
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use may produce some damage by inhibiting the gonads. Promiscuous 
use of androgens must be cautioned against, although It is doubtful 
whetlior small doses used interruptedly have any effect in inducing 
epiphyseal closure. 

One of our paUenti, recently reported, a wlillo girl, aged 12, presented die 
cardinal signs of classical onterior hyiwphyieal deficiency. \Mien first examined 
she w-as 40 incljcs tall and weighed 44 pounds, approximately 11 Inches and 37 
pounds below the n\’crago for her oge. \\1ten she ^vns 15 years old there were no 
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Ovarian Agenesis.— This is a sjoidrome occurring in adolescent girls 
characterized by dwarfism and genital retardation in whom pubic or 
axillary hair or both may be present (Fig. 39). In addition other de- 
fects have been noted, as coarctation of the aorta, osteoporosis and 
dyschondroplastic changes of the bone, webbing of tlie neck, aUd men- 
tal retardation. 

The cause for the understature is at present not definitely known, but 
there is reason to believe that genetic defects not directly related to 



Fig. 39.— Dwarfism w'ith ovarian agenesis (patient aged 17) diagnosed clinically. 
Pubic and axillary hair not too well demonstrated. 


the ovarian agenesis are responsible. Ovarian deficiency due to surgical 
castration is not accompanied by alteration in growth. 

We studied a Negro girl, 16 years of age, who was admitted to the hospital in 
a moribund state and died a few days later from an unrelated condition. She ^vas 
readily recognized as a dwarf and because of the pubic hair the diagnosis of 
ovarian agenesis was suggested. The postmortem e-xaminatlon confirmed this, the 
essential findings being an absence of ovarian tissue and a hyperplasia of the 
hypophysis with eosinophilia. There were no abnormalities noted in the other 
endocrine glands, macro- or microscopically. 
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Two otlier girls we studied were given thyroid extract and other 
available products ivith little success. Gonadotropic stimidation was 
tried with little result Diethylstllbestrol, alone or in combination with 
progesterone, produced vaginal bleeding and enlargement of the 
breasts. 

Progeria.— Our reason for calling attention to this rare syndrome, 
characterized by dwarfism, precocious senility, and bony retardation 
with premature epiphyseal fusion, is to describe a recent axperience to 
emphasize a tlierapentic principle. 

Our patient had little growth and no weight gain during a period of a year’* 
observation. The use of oral androgens, 20 to SO rag. dally, brought about a gain 
of 5 pounds and a growth of 1 Inch In one month. Clitor^ hypertrophy ooenrrod 
and treatment was stopped for a podod. Weight and growth remained stationary 
after this with lessening In the enlargement of tho clitoris. Reduced dosage of 
methyl testosterrmo accomplished continuous development for the period of obser- 
vation. 

Thiourncil to reduce energy output has also been used in the treat- 
ment of this condition In which tliere may be a tendency towards an 
excessive use of calories. 

SKELETAL OVERCnOWTO (GIGANTISM) 

Abnoonally rapid grosvth in childhood frequently causes concern to 
parents. In most instances the increased stature is a normal variation, 
usually being famflial or racial. Benign adiposogenital dystrophy of 
adolescence (Fig. 40) prepuberal hypeipituitarism, the increasrf stat- 
ural growth accompanying precocious puberty, and hypogonadism 
must also be considered. The therapeutic problem in tho extremely tall 
child is to eliminate the presence of a pituitary neoplasm and to avoid 
possible gigantism. 

L. A. is a boy aged 17, height 79Y^ inches, weight 129 pounds, span 
81 inches (Fig. 41). The family lilstory is essentially normal The 
patient was referred for treatment svith the diagnosis of gigantism pos- 
sibly due to an acidophilic adenoma. The sexual development is ade- 
quate Tlio visual fields and fundi are normal. The films of the long 
bones disclose beginning epiphyseal closure about the knees and 
ankles. At present little can be done since linear growth is practically 
at an end, epiphyseal closure having stopped the process. Intermittent 
roentgen ray therapy, chorionic and pituitary gonadotropic hormones, 
as well as testosterone orally and by pellet implantation, have been 
used in the treatment of these patients. We have been able, presum- 
ably, by the use of androgens, in unusually tall hypogonad males to 
halt longitudinal growth by causing epiphyseal closure. 

Skeletal Overgrowth with HypergenitnUsm.— A 7 year old while 
boy (Fig. 42) exhibited the development of a 12 year old, with marked 
acne. Studies failed to reveal adrenal, pineal, pituitary or testicular 
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involvement. It is our opinion that the etiology involves tlie hypothal- 
amic apparatus. Prior to our observation this boy received roentgen ray 
therapy to tlie pituitary. The osseous development reveals marked ac- 
centuation of bony growth. If the process continues we intend to 
employ the therapeutic principle of inhibiting growdi by the use of 
antagonistic hormones, altlaough the possibditj' of nature herself ac- 
compUshing tliis phenomenon arises. In a prewous experience we were 



Fig. 40.— Overgrowth in benign adi- Fig. 41— Extremely tall boy, supposed 
posogenital dystrophy of adolescence case of gigantism. 

{ patient aged 14 years ) , 

able by the administration of 100,000 units of follicular hormone to 
cause cessation of both sexual and statural growth. By the use of female 
sex hormones in the hj'persexual male we can accomplish the follow- 
ing: (1) inliibit the gradient of groudh; (2) reduce the quantity of 
androgenic and gonadotropic substances as well as the sexual phenom- 
ena; and (3) produce degenerative dianges in the seminiferous tu- 
bules. The appearance of gjnecomastia is a valuable clinical criterion 
as to the eEectiveness of stilbestrol when this drug is employed. 
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Fig '12.—Seven year old boy SLelclol overgrowth with li>*pcTgcnitalism Right, 
Close-up of face showing acne 


REFERENCES 

1 Albright, F , Smith, P H and Frasor, R, A Syndrome Characterized by 
Primary ^’arian Insufficiency and Decreased Stature Am J M Sa, 204 
625. 1942 

2. Behrens, L, H and Barr, D P Hyperpituitarism Beginning In Infnnc> The 
Alton Giant Endocrinology, 25 785 1941 
0 Bronstcin, I P and Beals, W II The Inadequately Treated Cretin Arch 
Surg^ 42 1048-1053 1941 

4 Bronstdn, I P Studies in Crcdnlsm and HypothjToldlsm In Childhood 

Blood Choleilerol J A^IJ^„ 100 60, 1933 

5 Bromtoln, I P Hypothyroidism In Children. Am J DIs Clilld , -47 913 

1934 

6 Bronsteln, L P ai>d Cassorla, E. Pituitary Ih\‘arfism? 7 PedlaL, 25 018-620, 

1940 

7 Bronsteln, 1 P , Luhan, J A. and Ma\'Teli5 W B Sexual Precocity Asso- 

ciated wltli Hyperpbitlc Abnormality of Tuber Cincreuiru Am J DH 
Childs 64 211, 1942, 

8 Bronsteln, I P Ilypergenltallsm in Children. J Pcdlat , 14 203, 1939 

9 Bruch, H and McGune, D J Mental Des’clopmcnt of Congeioltany Hypo- 




160 


I. P, BHONSTEEN, S. P. DIXSOWSKY 


thyroid Children, Its Relation to Physical Development and Adequacy of 
Treatment Am. J. Dis. Child., 67:205, 1944. 

10. Butler, A. Metal; The Nutritional Status of Civilians Rescued from Japanese 

Prison Camps. New England J. Med., 233:639, 1945. 

11. Dorff, G. B.: Rapid Growth in Height Produced by Chorionic Gonadotropin 

in a Dwarfed Identical Twin. J. Chn. Endocrinol., 1 : 1940, 1941. 

12. Foster, R., Brown, A. W. and Bronstein, I. P.: The Mental Development of a 

Group of DwazBsb Children. Proc. Am. A. Ment Deficiency, 44.T43, 1939. 

13. Mann, A. W., Dreizen, S. and Spies, T. D.; The Determination of Status and 

Progress in Children with Nutritive Failure. J. Pediat, 31:161, 1947. 

14. McKenna, C. M., Bronstein, I. P. and Keifer, J. H.: Hypergenitahsm in Child- 

hood. Consideration of the Hypothalamic-Hypohyseal Apparatus. J. Urol., 
51:182, 1944. 

15. Sherman, H. C.; Chemistry of Food and Nutrition. New York, Macmillan 

Co., 1920. 

16. Talbot, N. H. and Sobel, E. H.: Factors Determining the Growth of Children. 

Advances in Pediatrics. Interscience Publishers, Vol. 2, 1947, pp. 238-297. 

17. Talbot, N. B., et at: Drrarfism in Healthy Children: Its Possible Relation to 

Emotional, Nutritional and Endocrine Disturbances. New England J. Med., 
236:783-793, 1947. 

18. Wilkens, L. and Fleischman, W.: Diagnosis of Hypothyroidism in Children. 

J.A.M.A., 116:2459, 1941. 

19. Wilkens, L. and Fleischman, W.: Ovarian Agenesis Pathology, Associated 

Clinical Symptoms and the Bearing on the Theories of Sex Efifferentiation. 
J. Clin. Endocrinol., 4:357, 1944. 



CLINICS ON OTHER SUBJECTS 


CXINICOPATHOLOGIC CONFERENCES 
Cook County Hospitul, Chicago 

ItALO F. VOUNI, M.D., Fj\.C.P.*. AND 
Han3 Popper, M.D., Ph.D., Fj^.C.P.t 

CASE I. PERIABTERITIS NODOSA 

Clinical History 

Da IxALO F. VouNi: The first case to be presented today is that of 
a white man aged 63 who, except for a history of chronic arthritis, svas 
well until the morning of October 29, 1946 when he suddenly devel- 
oped convulsions. He was admitted to the Ckjolc Ckjunty Hospital in 
deep coma and svith a blood pressure of 218/118, 4 plus albumin and 
many granular casts in the urine. The heart was found to be slightly 
enlarged. Neurologic examination revealed no definite paralysis but 
the deep reflexes were all hyperactive and pathologic reflexes were 
present. 

Blood emmination showed a nonproteln nitrogen of 68 mg. and cre- 
atinine of 2.4 mg per 100 cc. X-ray of the chest showed a thickened 
left pleura and bronchopneumonia of the right hilar region. 

This patient had an “epileptiform” seizrue while on the ward, but 
within t%vo days after his admission there was sudden and dramatic 
improvement in his condition with complete disappearance of neu- 
rologic findings. His urinary and blood chemistry findings also showed 
improvement Blood pressure subsided to 178/100, and spinal tap per- 
formed twelve days after admission was essentially negative except for 
a 1 plus Pandy test and 12 cells per cu. mm. The patient xvas dis- 
cliarged, completely recovered, with a diagnosis of hypertensive 
encephalopathy. 

He was readmitted to the hospital on January 13, 1947 with vague 
complaints of epigastric and right lower quadrant pain. It was difficult 
to obtain a coherent and informative history from him because of his 

* AUondlag Phyltdan, Cook County Hospltnli Chainnan, Sdontific Committee 
of Hektoen Institute for Medical Research; Vice President, Cook County Graduate 
School of Medldne; Professor and Chairman of the De partm ent of Medldno, 
Loyola Uidveislty Medical School, Chicago. 
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tor of Hektoen Institute for Medical Research; Professor and Chairman of the 
Dls'lslon of Pathology, Cook County Graduate School of Medidire; Assistant Pro- 
fossor, Northwestern Unirersity M^lcal Sdaml, Chicago. 
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lethaig)'^ and mental stupor. He stated that his epigastric discomfort 
had started five months prior to admission; the right lower quadrant 
pain appeared about two months later and was originally accompanied 
by vomiting. Since the onset of his abdominal symptoms there had 
been a progressive increase in weakness and in the past two years a 
weight loss of 50 pounds. There was also a history of frequency and 
nocturia. 

Physical examination at this time revealed an emaciated, lethargic, 
elderly patient with a temperature of 99° F., respirations 28, blood 
pressure 196/100. Moist riles were present at both lung bases. The 
heart was enlarged to the left and showed evidence of auricular fibrilla- 
tion. Abdominal examination was essentially negative except for sfight 
tenderness and resistance to palpation over the epigastrium and along 
the course of tlie ascending colon down to the right lower quadrant. 
Rectal examination was negative; feces on the gloved finger gave a 
2 plus benzidine reaction. The remainder of the physical examination 
was negative. 

Laboratory examination revealed a urine with a specific gravity of 
1.028, 4 plus albumin and negative microscopically. The blood con- 
tained hemoglobin 58 per cent, red blood cells 3,300,000, white blood 
cells 19,400 \vith a differential count of 84 per cent leukocytes, 1 per 
cent eosinophils, 5 per cent lymphocytes and 5 per cent monocytes. 

Before further study could be made the patient’s lethargic state 
rapidly became more marked and he died in coma on January 4, 1947, 
twenty-two hours after his hospital admission. 

Tlie clinical evidence is that of a wasting disease with progressive 
weakness, hypertension, central nervous system involvement, cardiac 
hypertrophy with amicular fibrillation, abdominal pain of a vague 
character and pronounced deviations in the urine and in kidney func- 
tion. The focalization diagnostically involves the hypertensive state, 
kidneys and the heart. Mahgnant hypertension with renal insufficiency 
and cardiac hypertrophy thus becomes the first consideration. How- 
ever, the progressive loss of weight and abdominal pain suggest diffuse 
vascular disease. The rapid terminal course precluded thorough chnical 
study. 

Dr. Hans Popper will now present his findings. 

Pathological Studies and Conclusions 

Dr. Hans Popper: At autopsy, we saw a rather emaciated body. The 
heart showed enlargement of both chambers, otlierwise no significant 
changes were noted except for just visible fine nodules around the 
coronary vessels on the posterior surface. Histologically, we did not 
see any changes in the vessels themselves, but observed foci of my- 
ofibrosis obviously caused by local interference with the blood fiow. 
Gross examination of the lung revealed nothing of significance but, 
histologically, there were marked changes of the arteries all over the 
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lung. The media was usually well outlined, often widened, but the 
muscle fibers could not be made out. Instead, a diffuse fibrinoid degen- 
eration gave the media a homogeneous bright red appearance. Around 
the vessels there was a wide, densely cellular mantle. Most of the cells 
u-ere round cells, but polymorphonuclear cells, some of them eosino- 






Fig 43 —A, Brandi of pulmonary oiteiy revealing occluiion of the lumen by 
intlma proliferation and some thrombosis The media is widened and rcyeals a 
dense cellular infiltration as does the odventitla B, Artery in skeletal muscle The 
media is thickened, homogfaeous and reveals fibrinoid degei>eratk)ru Around it Is 
a wide layer of cellular infiltration ' ' 

V 

phiUc, plasma cells, lymphocytes and a few fibroblasts were also seen. 
In the media of some arteries there was focal accumulation of poly- 
morphonuclears, similar m many respects to that of an abscess (Fig. 
43A). In special stains, the entire media gave marked fibrin reaction, 
but some fibrin was also found outside the vessels. In other arteries the 
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media alterations were less conspicuous but the intima revealed fibrotic 
thickening. Around them there was a loose, moderately cellular granu- 
lation tissue containing many fibroblasts and tlie elastic membranes 
were almost completely destroyed. This latter picture represents an 
older stage of the process described before and both together leave no 
doubt of the diagnosis of periarteritis nodosa. 

We found similar changes in other organs. Many smaller and larger 
arteries in the submucosa of the gastrointestinal tract and mesentery 
were involved; the mucosa itself failed to show alterations. In the 
pancreas the arteries presented older changes; the vessels in the fatty 



Fig. 44.— Cut surface of kidney revealing larger and smaller infarcts of different age. 

capsule of the adrenal showed marked intima proliferation and granu- 
loma formation. The described pictinre was also presented by many 
arteries supplying nerves which is so characteristic of difiFuse periarter- 
itis nodosa. 

The kidneys showed the typical alteration of this disease: many 
infarcts, some sm^ and some subcapsular; others extending deep into 
the parenchyma. Most of them were yellow in color, prominent, others 
were white and sunken (Fig. 44). Histologically, both intralobular and 
interlobular arteries were involved and, as expected, tlie infarcts 
showed complete ischemic necrosis of the parenchyma. Another organ 
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which showed the picture so characteristic of periarteritis nodosa was 
the testicle: tliere nas diffuse hemorrhage aud grossly sdslble fine 
nodules in the spermatic vessels. 

Most impressive was the histologic picture of the skeletal muscles. In 
sections taken from various muscles, the smallest and middle sized 
arteries showed all stages of tlie disease (Fig. 43B) from fibrinoid de- 
generation and marked cellular infiltration to scar formation with 
thrombotic occlusion of the lumen, qm'te often already revealing re- 
canalization. 

We have here a tjpical case of periarteritis nodosa, and, histologi- 
cally, the diagnosis was simple. Far more difficult is the establishment 
of an etlologic factor. Many factors have been accused of being respon- 
sible for this disease. When it first was described, it was considered a 
sjrecific infection, due, for instance, to a virus. Other investigators con- 
sidered it not as a specific Infection, but as a specific reaction to any 
of a great number of offenders such ns Treponema pallidum or strep- 
tococci. Wo know that vascular clianges may be caused by the latter, 
but they are different from periarteritis nodosa. Then it was suggested 
that we are dealing widr allergic manifestations. To Dr. Rich goes the 
credit for establishing a firm basis for this belief. He has shown that 
after treatment witli serum or sulfa preparations arteritis in humans 
may develop and he was able to produce it experimentally In animals. 
All of us have now seen the arteriUc changes after sulfa medication, 
but some feel that not all cases of periarteritis nodosa belong in this 
group. In the cases following sulfa medication only the small vessels 
are Involved and acidophilic hlstiocq'tes, undetectable in our case, are 
often found In tlie orgtms. We thus carmot be certain that periarteritis 
nodosa is alwa5's an allergic phenomenon; other factors undoubtedly 
must be considered. I should like to mention that in rheumatic fever 
arteritic changes are fotmd which ture occasionally difficult to differ- 
entiate from those seen in periarteritis nodosa and even the role of 
hypertension in producing these changes has been emphasized. 

As you see, a multitude of eUoIogic factors can be considered but we 
sruely do not know which one applies in the presented case. There 
seems to be no question that we are dealing in periarteritis rvith a 
change of permeabffity of the vessek whereby some toxic material 
enters its wall and may even reach the outer layers. We have consid- 
ered the possibility that certain blood serum constituents which enter 
the arterial wall may be toxic. We knmv we can get a positive fibrin 
reaction rvithin the wall in this condition but we do not know whether 
this is fibrin from the blood or fibrinoid degeneration of the pre-e.xistent 
tissue. Wo are of the opinion at present that the disease, a morphologic 
entitj', is due to permeability changes of the arteries which can be 
brought about by several different etlologio factors, allergj' obviously 
being one of the most important. 

The disease develops in bouts and, morphologically, we can show 
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in our case the different stages of the condition. The clinical mani- 
festations in periarteritis results from three different causes: (1) tox- 
emia, present in vhe acute stages of the disease which in this case 
played the main role; (2) occlusion of the vascular lumen either by 
thrombosis or intima proliferation leading to ischemic necrosis of vari- 
ous organs— in this case chiefly in the kidney; (3) hemorrhages from 
perforated aneurysms which have developed in parts of the vascular 
wall which had been weakened by cellular exudation or scar formation. 

In summing up this case and correlating autopsy and clinical find- 
ings, we find here different manifestations in various organs as in most 
cases of periarteritis. There were gastrointestinal manifestations, in- 
cluding vomiting and pain. Three months before death there was an 
episode of h}'pertensive encephalopathy and shortly before d6ath the 
patient was leihargic. The brain was not examined and we do not know 
whether the hypertension is part of the periarteritis and related to the 
renal changes, or preceded it. Finally, we have renal manifestations 
with albuminruia, nocturia and azotemia. The auricular fibrillation 
may have been related to the hypertension. The cause of death was 
toxemia, the gastrointestinal, cardiac, renal and central nervous system 
manifestations being contributory. 

Dn. VoiJNi: This interesting case illustrates the difficulty of diagnosis 
and how frequently the protean clinical manifestations call attention to 
the diagnosis of specific organ disease rather than the polyarteritis. 
Actually it is a polyarteritis with extensive distribution of ffie arteriolar 
disease throughout the body. W e have in this patient the characteristic 
manifestations of gastrointestinal symptoms, polyneuritis, secondary 
anemia and wasting and, as in most cases, the greatest localization of 
significant symptomatology is in the kidney. Periarteritis nodosa has 
received wride study. Some aulhorities make the diagnosis from exami- 
nation of the eyegroimds; others have reported cases in which procto- 
scopic e.xamination has permitted the \Tsualization of the specific 
lesions of periarteritis. I was interested in the lesions in tlie lung be- 
cause Herman has claimed that the diagnosis can be made from a 
study of the chest; that the manifestations of asthmatic bronchitis and 
the roentgenologic evidence vdU aid in tire diagnosis. This patient did 
not have complaints referable to the lungs except in the terminal 
stages. In our experience muscle biopsies have proved disappointing 
but from the postmortem ewdence a definite diagnosis could have been 
made were time available for tliis procedure. Positive reports can be 
obtained in about 25 per cent of cases. EosinophUia was not present. 

I take pleastire in presenting Dr. Aaron Arkin, former attending 
physician of this hospital and a thorough student of this disease both 
from the pathologic and clinical points of wew. He has contributed 
extensively to the literatiure on this subject. 
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Dn, Aabom Arkin: I am imable to accept this disease as an allergic 
enlit)’ for ses'eral reasons. First, the disease has been found in several 
lower animals, especially in rats and mice. Second, acute periarteritis 
nodosa is relatively rare in comparison with the thousands of persons 
suffering from allergic conditions. Third, the disease has an elective 
affinity for the arterial system. It may involve only a single organ such 
ns the kidney, gallbladder or liver. Tire possibility of a virus trans- 
mission from lower animals to man must still be considered. 

The disease is of interest to 4he neurologist and surgeon as well as 
the internist. It frequently affects the peripheral nerves leading to foot- 
drop and wrist-drop. Or it may cause a perirenal hematoma, rupture 
of the gallbladder, or mesenteric artery occlusion. 

The disease is not always fatal. It may affect a single organ wtli 
Infarction and healing. In rare cases, sucli as I described in the American 
Journal of Falhology in 1930, it may affect almost every organ with 
complete histologic healing. The arterial walls are destroyed in seg- 
ments, with inbmal proliferation, aneurysm formation, thrombosis with 
organization, and extensive periarterial sear formations. A careful study 
of arterial cliangcs in Infarcted organs will no doubt disclose more such 
cases. Multiple infarctions in the absence of endocarditis or cardiac 
thrombi speak for periarteritis nodosa. 

In the acute disease the chief findings are a septic temperature, poly- 
neuritis and pohanyosilis, hematuria, abdominal pains, and sometimes 
palpable subcutaneous nodules or aneurysms of the retinal arteries and 
negative blood cultures. 

Da, VoUNi; The term "diffuse vascular disease,' as well as poly, 
arteritis, is aptly applied to this condiUon. Clinically the multiplicity 
and diffuseness of the presenting symptoms and signs point to the 
diagnosis of periarteritis nodosa. Fes'or, wasting anemia, urinary find- 
ings, abdominal cramps and polyneuritis appear in irregular order or 
together. The cardiac symptomatology occasionally dominates the pat- 
tern but other apparently unrelated symptoms are usually discernible 
if sou^t for. 


CASE II. RECimnENT TIIROMBOCVTOPENIA 
Clinical Hlalory 

Da. Italo F. VoLiKi; This patient, a white male student aged 16, 
was admitted to the Cook Coimty Hospital on October 2, 1945 com- 
plaining of a petechial rash, epista-xls and hematuria of three weeks’ 
duration. He gave no history of drug intoxication or allergy and no 
family history of a similar disease. Medical and surgical histories were 
negative except for the removal of a “growth" from the left popliteal 
space one and a half years previously. 
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in our case the different stages of the condition. The clinical mani- 
festations in periarteritis results from three different causes: (1) tox- 
emia, present in ihe acute stages of the disease which in this case 
played the main rolej (2) occlusion of the vascular lumen eitlier by 
thrombosis or inUma proliferation leading to ischemic necrosis of vari- 
ous organs— in this case chiefly in the kidney; (3) hemorrhages from 
perforated aneurysms which have developed in parts of the vascular 
wall whicli had been weakened by cellular exmdation or scar formation. 

In summing up this case and correlating autopsy and clinical find- 
ings, we find here different manifestations in various organs as in most 
cases of periarteritis. There were gastrointestinal manifestations, in- 
cluding vomiting and pain. Three months before death there was an 
episode of hypertensive encephalopatliy and shortly before d6ath the 
patient was leihargic. The brain was not examined and we do not know 
whether the hj'pertension is part of the periarteritis and related to the 
renal changes, or preceded it. Finally, we have renal manifestations 
with albuminuria, nocturia and azotemia. The auricular fibrillation 
may have been related to the hypertension. The cause of death was 
toxemia, the gastrointestinal, cardiac, renal and central nervous system 
manifestations being contributory. 

Dn. VoLiNi: This interesting case illustrates the difficulty of diagnosis 
and how frequently the protean clinical manifestations call attention to 
the diagnosis of specific organ disease ratlier than the polyarteritis. 
Actually it is a polyarteritis Avith extensive distribution of die arteriolar 
disease throughout the body. We have in this patient the characteristic 
manifestations of gastrointestinal symptoms, polyneuritis, secondary 
anemia and wasting and, as in most cases, the greatest focalization of 
significant symptomatology is in the kidney. Periarteritis nodosa has 
received wide study. Some aulhorities make the diagnosis from exami- 
nation of the eyegrounds; others have reported cases in which procto- 
scopic examination has permitted the visualization of die specific 
lesions of periarteritis. I was interested in the lesions in the lung be- 
cause Herman has claimed that the diagnosis can be made from a 
study of the chest; that die manifestations of asthmatic bronchitis and 
die roentgenologic evidence wfll aid in the diagnosis. This patient did 
not have complaints referable to the lungs except in die terminal 
stages. In our experience muscle biopsies have proved disappointing 
but from the postmortem evidence a definite diagnosis could have been 
made were time available for this procedure. Positive reports can be 
obtained in about 25 per cent of cases. Eosinophilia was not present. 

I take pleasure in presenting Dr. Aaron Arkin, former attending 
physician of this hospital and a thorough student of this disease bodi 
from the pathologic and chnical points of view. He has contributed 
ex'tensively to the literature on this subject. 
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Dn. Aaron Arkin; I am unable to accept this disease as an allergic 
entity for ses eral reasons. First, the disease has been found in several 
lower animals, especially in rats and mice. Second, acute periarteritis 
nodosa is relatively rare in comparison svith the thousands of persons 
suffering from allergic condih'ons. Third, the disease has an elective 
affinity for the arterial system. It may involve only a single organ "such 
as the kidney, gallbladder or liver. Tlie possibility of a virus trans- 
mission from lower animals to man must still be considered. 

The disease is of interest to fhe neurologist and siugeon as well as 
the internist. It frequently affects the peripheral ners'es leading to foot- 
drop and svrist-drop. Or it may cause a perirenal hematoma, rupture 
of the gallbladder, or mesenteric artery occlusion. 

The disease is not always fatal. It may affect a single organ witli 
infarction and healing. In rare cases, such as I described in the American 
Journal of Pathology in 1930, It may affect almost every organ svith 
complete histologio healing. The arterial walls are destroyed in seg- 
ments, with intimal proliferation, aneurysm formation, thrombosis with 
organization, and extensive periarterial scar formations. A careful study 
of arterial changes in infarcted organs will no doubt disclose more such 
cases. Multiple infarctions In tire absence of endocarditis or cardiac 
thrombi speak for periarteritis nodosa. 

In the acute disease the chief findings are a septic temperature, poly- 
neuritis and pohmyosilis, hematuria, abdominal pains, and sometimes 
palpable subcutaneous nodules or aneurysms of the retinal arteries and 
negative blood cultures. 

Dp. ^'oLIN^: The term "diffuse vascular disease,” as well as poly- 
arteritis, is aptly applied to this condition. Clinically the multlplicitj’ 
and diffuseness of the presenting symptoms and signs point to the 
diagnosis of periarteritis nodosa. Fever, wasting anemia, urinary find- 
ings, abdominal cramps and polyneuritis appear in irregular order or 
together. The cardiac symptomatology occasionally dominates the pat- 
tern but other apparently umrelaled symptoms are usually discernible 
if sought for. 


CASE II. RECURHENT TIIROSIBOCryTOPENlA 
Clinical Hlalory 

Dr. Italo F. Volini: This patient, a white male student aged 16 , 
was admitted to the Cook County Hospital on October 2, 1945 com- 
plaining of a petechial rash, eplstaxis and hematuria of three ^veeks’ 
duration. He gave no history of drug Intoxication or allergy and ho 
family history of a similar disease. Medical and surgical histories were 
negative except for the remosnl of a “growth" from the left popliteal 
space one and a half years previously. 
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in our case the different stages of the condition. The clinical mani- 
festations in periarteritis results from three different eauses: (1) tox- 
emia, present in ihe acute stages of the disease which in this case 
played the main role; (2) occlusion of the vascular liunen either by 
thrombosis or intima proliferation leading to ischemic necrosis of vari- 
ous organs— in this case chiefly in the kidney; (3) hemorrhages from 
perforated aneurysms which have developed in parts of the vascular 
wall which had been weakened by cellular exudation or scar formation. 

In summing up this case and correlating autopsy and clinical find- 
ings, we find here different manifestations in various organs as in most 
cases of periarteritis. There were gastrointestinal manffestations, in- 
cluding vomiting and pain. Three montlis before death there was an 
episode of hypertensive encephalopatliy and shortly before dfiath the 
patient was lethargic. The brain was not examined and we do not know 
whether the hypertension is part of the periarteritis and related to the 
renal changes, or preceded it. Finally, we have renal manifestations 
vdth albuminuria, nocturia and azotemia. The ainicular fibrillation 
may have been related to the hypertension. The cause of death was 
toxemia, the gastrointestinal, cardiac, renal and central nervous system 
manffestations being contributory. 

Dn. VoLiNi: This interesting case illustrates the difficulty of diagnosis 
and how frequently the protean clinical manffestations call attention to 
the diagnosis of specific organ disease ratlier than the polyarteritis. 
Actually it is a polyarteritis with extensive distribution of die arteriolar 
disease throughout the body. We have in this patient the characteristic 
manffestations of gastrointestinal symptoms, polyneuritis, secondary 
anemia and wasting and, as in most cases, the greatest focalizadon of 
significant symptomatology is in the kidney. Periarteritis nodosa has 
received wide study. Some authorities make the diagnosis from exami- 
nation of the eyegrounds; others have reported cases in which procto- 
scopic examination has permitted the visualization of the specific 
lesions of periarteritis. I was interested in die lesions in the lung be- 
cause Herman has claimed that the diagnosis can be made from a 
study of the chest; that the manffestations of asthmatic bronchitis and 
die roentgenologic evidence will aid in the diagnosis. This patient did 
not have complaints referable to the lungs except in the terminal 
stages. In our experience muscle biopsies have proved disappointing 
but from the postmortem evidence a definite diagnosis could have been 
made were time available for this procedure. Positive reports can be 
obtained in about 25 per cent of cases. Eosinophilia was not present. 

I take pleasure in presenting Dr, Aaron Arkin, former attending 
physician of this hospital and a tiiorough student of this disease bodi 
from the pathologic and cHnical points of view. He has contributed 
extensively to the hterature on diis subject. 
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Dn. Aahon Ahion: I om unable to accept this disease as an allergic 
entity for several reasons. First, the disease has been found In several 
lower animals, especially in rats and mice. Second, acute periarteritis 
nodosa is relatively rare in comparison with the thousands of persons 
suffering from allergic conditions. Third, the disease has an elective 
affinit)' for the arterial system. It may involve only a single organ Such 
as the kidney, gallbladder or liver. Tlie possibility of a virus trans- 
mission from lower animals to man must still bo considered. 

The disease is of interest to Ihe neurologist and surgeon as well as 
the internist. It frequently affects the peripheral nen’es leading to foot- 
drop and wrist-drop. Or it may cause a perirenal hematoma, rupture 
of the gallbladder, or mesenteric nrteiy occlusion. 

The disease is not always fatal. It may affect a single organ svitli 
infarction and healing. In rare cases, such ns I described in the American 
lourncd of Pathology in 1930, it may affect almost every organ with 
complete histologic healing. Tlie arterial walls are destroyed in seg- 
ments, with intimal proliferation, aneurysm formation, thrombosis svlth 
organization, and extensive periarterial scar formations. A careful study 
of arterial changes in Infareted organs will no doubt disclose more such 
cases. Multiple infarctions in the absence of endocarditis or cardiac 
thrombi speak for periarteritis nodosa. 

In the aCTito disease the chief findings are a septic temperatiue, poly- 
neuritis and polymyosilis, hematuria, abdominal pains, and sometimes 
palpable subcutaneous nodules or aneurysms of the retinal arteries and 
negative blood cultures. 

Da. VouNt; The term “diffuse vascular disease,” as well ns poly- 
arteritis, is aptly applied to this condition. Clinically the multiph'dt}' 
and diffuseness of the presenting symptpms and signs point to the 
diagnosis of periarteritis nodosa. Fever, wasting anemia, urinary find- 
ings, abdominal cramps and polyneuritis appear in irregular order or 
together. The cardiac symptomatology occasionally dominates the pat- 
tern but other apparently unrelated s)mptoms are usually discemiblc 
if sought for. 


CASE II. RECUBRENT TIIROMBOCyTOrEMA 
Clinical HUlory 

Patient, a white male student aced 16. 
was admitted to the C^k Count)- Hospital on October 2. I&io com- 
plaining of a petechial rash, eplslaxis and hematuria of three weeks’ 

'*"■8 intoxicaBon or allergy and no 
family history rf a similar disease. Medical and surgical his^ svere 
negative e.mept for the remm-al of a -growth” froih the left popliteal 
space one and a half years previously. 
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a variable number of eosinophils, sometimes scattered, sometimes 
densely arranged, almost in groups. The reticulum cells revealed little 
proliferation (Fig. 46A). 

The bone marrow was very cellular. In low power examination a 
large number of megakarocytes was readily noted, which is in keeping 
with the diagnosis of thrombocytopenic purpura. It is usually believed 
that, in this condition, the ability of the megakaryocytes to form plate- 
lets is impaired and some have claimed that they may be pathological 






Fig. 45.— Extensive recent hemorrhage destroying the left basal gangh'a and break- 
ing into the lateral ventricle. 

in appearance. Although atj'pical forms were seen, I am reluctant to 
draw any conclusion from paraffin slides. There were small focal ac- 
cumulations of lymphocytes. In discussing this xvitli Dr. Schwartz, he 
considered it an incidental finding and I also believe it is a physiologic 
variant. In addition, there were diflFusely scattered lymphoblastic ele- 
ments, polymorphic in character, and a fairly dense sprinkling of 
eosinophils (Fig. 46B). A smear from the cadaver blood showed a 
large number of imusual cells, best interpreted as lymphoblasts. 
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In nn nttempt to analj’ze this somewhat pecuhar case, we End two 
obvious problems I am not too sure whether we can ansrver both of 
them satisfactorily. First, we have a thrombocytopenic purpura which 
was, when originally seen, quite typical m character. One and one- 
half years before death there were no atypical cells m the blood or 



Fig. 40 —A, Lympli node revealing oblitemhon of architecture Diffusa InGItm- 
tion hy l>mphoc> tic and lymphoblastic elementj B, High porver view of the celln- 
lar bone marrow In the femur Many megaharyocyaes arc seen, some of them of 
atypical appearance A largo number of lymphocytic and lymphoblastic cells are 
found tluougbouL 

spleen There was no eosinopbiha, no aUergy unis present, and splenec- 
tomy was foUowed by the aspected cure. The patient was in a very 
good condition until suddenly a recurrence developed which was fatal 
as tlie result of a brain hemorrhage. This is a typical and common 
cause of death in thrombocytopenia What tvas, however, the cause of 
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Two explanations are offered: (1) The condition was an atypical 
response to infection which would explain the lymphocytosis and at 
least would give us a pathologic basis of explanation, although it may 
not be satisfaetory physiologically. (2) In allergy we ean have thrombo- 
cytopenia also. This may be eured by splenectomy or wthout splen- 
ectomy if the allergen is removed. Whether our patient had allergy at 
first is doubtful, but the second time he did as indicated by the tre- 
mendous tissue eosinophilia. I doubt that this allergy had anything to 
do wth the transfusions because there was no evidence of the eosino- 
philia until his second admission. If we assume that this was hyper- 
sensitivity then we know that Ijrmphoid hyperplasia can also occur on 
a similar basis. Occasionally this can be verj'^ acute. We do not know 
very much about what happens histologically during these acute 
l)Tnphoid hyperplasias because ordinarily the patients do not die and 
are not biopsied. If this boy had an allergy and developed a lymphoid 
hyperplasia, then we may further assmne that these hypertrophied 
lymphoid tissues liberated or manufactured a substance not dissimilar 
to what the spleen ordinarily produces and therefore, acted as splenic 
organs (which are actually lymphoid organs). 

Dr. Hans Popper: I am very pleased about the agreement in the 
interpretation of this puzzfing case. I am glad that Dr. Schwartz pro- 
vided the missing fink which permits me to miderstand the case much 
better. If we accept it as an allergic reaction, I would still like to stress 
that the morphologic picture is different from the allergic reaction 
we usually see, for instance, in sulfa treated cases. I, therefore, feel 
that we should emphasize a pecuhar inflammatory reaction in addi- 
tion to the allergy. 

Dr. Vooni: There are many atypical features in this case. The 
patient had this change in the qualitative peripheral blood count, 
eosinophils in the sternal marrow aspiration, a relatively slow rate of 
rise of platelets after operation, relapse \vithout a very pronounced 
finding of enlargement of these accessory spleens and a rather low 
platelet count on second admission to the hospital. 

I should like to say something about the possibifity of allergic sensi- 
tization. This patient received many transfusions and it was not men- 
tioned that the Rh factor was negative during his first admission. It 
was during the second study that this was noted and it may be that he 
received Rh positive blood during his first period in the hospital. 

There are so many ways that we can miss information about allergy 
in our studies. The historj' in this case definitely states that the patient 
was not allergic and that there was no history of drug sensitization. 
We know many of the drugs, particularly the antibiotics, would have 
a very pronounced effect in this particular case, but I wonder if any 
inquiry was made as to whether this boy had had injections for the 
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many Immunizations which are commonly used today. In a case like 
this it is necessary that we inquire thoroughly and minutely into his 
history. I can state quite definitely that lymphocytic or lymphoblastic 
phenomena occur subsequent to or during the course of an allergic re- 
action. 'W'hen we were treating pneumonia patients with rabbit serum 
we frequently foimd a generalized lymphadenopathy svith splenic 
tumor. It is apparent therefore that a generalized lymphocytic reaction 
can occur. 



SUBACUTE BACTERIAL ENDOCARDITIS: 
ETIOLOGIC CONSIDERATIONS 
AND PROPHYLAXIS 

Paul S. Rhoads, M.D., F.A.C.P.® 

Since confusion exists in thp terminology used in infectious endo- 
carditis, we shall begin by delimiting the present discussion to that 
tj^pe in which the responsible orgam'sm is usually one of relatively low 
virulence and in which the patient survives longer than six weeks. In 
more than 90 per cent of cases the micro-organism causing subacute 
bacterial endocarditis is a nonhemolytic streptococcus of either the 
alpha or gamma types. Foimerly the course of the disease was from 
several months up to one and one half or two years before fatal termina- 
tion. With the present method of treatment more than half of the sub- 
jects survive. On the other hand acute bacterial endocarditis— which 
will not be mentioned further in this communication— is usually caused 
by the pneumococcus, hemolytic streptococcus or Staphylococcus 
aureus and runs a rapidly fatal course, seldom exceeding six weeks. 
Rarely one of the organisms just mentioned, of attenuated virulence, 
may be causative in the subacute form of the disease. 

At various times all of the micro-organisms Hsted in Table 1, usually 
singly but occasionaUy in combination, have been cultured from the 

TABLE 1 

Micho-organisms Cultured from the Blood and Heart Valves in 
Subacute Bacterial Endocarditis 

Streptocxjccus viridans } .i, nn i. r 

Streptococcus auhemolyticus \ P"’' 

Gonococcus 
Meningococcus 
Micrococcus pharyngis siccus 
Brucella (all types) 

Hemophilus influenzae and para-influenzae 
Streptococcus moniliformis 
Spirillum mitis 
Micrococcus tetragenus 
Streptococcus hemolyticus ) 

Pneumococcus I of lowered wrulence 

Staphylococcus aureus and albus 1 

blood of patients thought to have subacute bacterial endocarditis and 
there seems no good reason to doubt that most of them have caused 

From the Department of Medicine, Northwestern University Medical School, 
Chicago. 

" Professor of Medicine, Northwestern Universit>' Medical School. 
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the typical endocardial vegetations which characterize the disease. 
There svould be less confurion if the terms “acute vegetative" and 
“subacute bacterial endocarditis" were abandoned and the term in- 
fectious endocarditis qualified by the name of the responsible micro- 
organism were used. 

A brief reviesv of the known facts regarding the genesis of subacute 
bacterial endocarditis will serve best as the starting point for theoretical 
considerations. It is generally agreed that, (1) svith rare exceptions, 
the vegetative lesions of subacute bacterial endocarditis became im- 
planted upon the valves and mural endocardium in hearts in which 
previous pathologic changes in the valves or congenital endocardial 
defects are present. (2) The precipitating cause is the entrance of 
one of the bacteria mentioned in Table 1 into the blood stream, with 
subsequent implantation upon the valves. Sometimes the connection 
between an active focus of infection and the endocardial lesions ap- 
pears to be quite direct In other cases no demonstrable focus of in- 
fection is present (3) Some property of the valve lesions in subacute 
bacterial endocarditis protects the causative organism from the ordi- 
nary sterilizing influence of humoral antibodies and phagocytes, and 
to a great extent from all forms of chemotherapeutic and antibiotic 
agents. Hence, once established, the vegetations continue to grow. As 
small portions of them break away into the blood stream, bacteremia 
and blocking of end arteries by small emboli in various parts of the 
body result 

A consideration of the morbid processes operating to produce this 
train of events may suggest means of prevention. 

PREVIOUS VALVULAR DAMAGE 

In all reports of large series of subacute bacterial endocarditis cases 
necropsy has revealed the presence of previous valvular damage in all 
but a small percentage. tVhen bacteria containing vegetations form on 
previously undamaged valves the infection usually is with micro- 
organisms of unusual inherent virulence, such as hemolytio streptococci 
or pneumococci. If bacteria of less virulence, such as Streptococcus 
viridans, cause endocarditis in previously undamaged hearts usually it 
is because they enter the blood stream in extremely large numbers and 
over a considerable period of time. 

Rheumatic heart disease has been reported as the predisposing fac- 
tor in proportions varying between 64.5 and 89 per cent in various 
series.’’ > In thirty patients svith subacute bacte^ endocarditis at 
Wesley Memorial Hospital in the past five years rheumatic heart dis- 
ease was inferred froni the history, or proved at autopsy in twenty-five 
patients (83.3 per cent). 

Several clinicians have pointed out the relative infrequency of en- 
docarditis in persons rvith congestive failure due to rheumatic heart 
disease (Libman and associates,* Christian’ [0.66 per cent of cases], 
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Keefer, ° Middleton and co-workers® [5.6 per cent] ), emphasizing the 
fact that the disease is much more apt to occm- in those rheumatic 
subjects whose cardiac function is above average. If one considers the 
large number of well compensated cases of chronic rheumatic heart 
disease. as compared to those in failure the proportion reported by 
these authors does not appear significant. Certainly the implication 
in the statements of Christian and Keefer that decompensation appears 
to offer some degree of protection from bacterial endocarditis hardly 
seems justified. 

Congenital heart disease has proved to be the next most important 
group, numerically, in furnishing the background for subacute bac- 
terial endocarditis, being present in 5 per cent in both Whites^ and 
Christian s® series, and being mentioned in practically all large series. 
Some idea of tlie frequency of subacute bacterial endocarditis in per- 
sons who have congenital heart disease can be gained from the figures 
of Maude Abbott,'^ who found that among 446 such persons who came 
to autopsy 16 per cent had endocardial vegetative lesions. In a series 
of 453 congenital heart lesion subjects who were autopsied, Gelfraan 
and Levine® found subacute bacterial endocarditis in 6.5 per cent of 
the entire group and in 16.5 per cent of those under two years. While 
most any type of congenital defect may be the site of vegetative lesions, 
patent ductus arteriosus, defective interventricular septum, bicuspid 
aortic valves and coarctation of the aorta are the most common. 

Syphilitic aortitis and arteriosclerotic involvement of valves and 
mural endocardium together probably account for less than 1 per cent 
of the predisposing lesions in subacute baeterial endocarditis. The 
combination of these conditions vdth rheumatic heart disease con- 
stitutes the “determinative background” (Christian) more frequently 
than eitlier of the conditions alone. Lemann® reported an interesting 
case in which the mitral valve had been made insufiScient by infarction 
of the left posterior papillar)^ muscle due to coronary artery thrombosis. 

THE PRECIPITATING EVENT 

The precipitating event which eventuates in vegetations upon the 
valvular or mural endocardium is often less easily recognized than the 
“background” pathologic changes. Indeed, more often than not, no 
definite precipitating factor is recognized, the patients’ only complaints 
being continuing iever and increasing fatigue, weakness and anemia 
in the absence of any immediately preceding infection. However, 
clinical studies indicate, and exqierimental studies prove that bacteria 
must enter the blood stream in appreciable numbers and, in some 
way, become implanted upon tlie valves. The mechanism of this im- 
plantation \rill be referred to later. 

To Rokitansk}'^®'' has gone the credit of first reporting bacteria in 
the valve lesions of endocarditis. Winge,^®® in 1869 reported to the 
Norwegian Medical Society an autopsy in which the typical cardiac 
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and embolic lesions of infectious endocarditis were associated with n 
suppurative lesion of the httle toe at the site where a com had been 
tom out He surmised that the lesion of the toe was the focus from 
which endocarditis resulted. His associate, Heiberg,*"' duee years 
later reported a similar case in which streptococci were seen in the 
vegetations and in which the original focus was an infected postpartum 
uterus. Since these pioneer observations the medical Uterature has 
been augmented by hundreds of reports in which the development of 
endocarditis followed so closely upon the probable dissemination of 
a micro-organism— usually Streptococcus viridans— from a recognizable 
focus of infection that the circumstance was clearly more than for- 
tuitous. In subaemte bacterial endocarditis the principal recognized foci 
are the upper respiratory tract (including tonsils and sinuses), in- 
fected teeth and gums, nonspecific prostatitis, infected hemorrhoids 
and urinary tract infections. Frequently Streptococcus sdridans endo- 
carditis appears to be the terminal event in chronic wasting diseases, 
such as cancer, pyelonephritis from prostatlc obstmetion, polycjstic 
disease of the Iddneys, and the like. Operative manipulation in the 
areas mentioned frequently causes a transient bactererma, but in some 
instances— such as acute tonsillitis or acute pyelitis— bacteremia occurs 
as a part of the infection. In the Wesley Hospital series of thirty cases 
a preceding infection of the upper respiratory tract was found in eleven 
instances, a recent tooth extracdon in six and a urinary tract infection 
in one. There were twelve cases in which no precipitating infection 
could be discovered. Richards'* showed that massage of infected Joints, 
tonsils, gums and prostates resulted in a positive blood culture in a 
significant number of cases. Round, fftriepatriefc and Hails'- studied 
patients with advanced gingivitis and found that such persons had 
blood cultures positive for Streptococcus s-iridans and Staphylococcus 
aureus, following the chewing of mint candles. 

In a current study Miss Doris Adair and 1 have performed blood 
cultures, by various technics, in hventy-fivc instances nt intervals of 
ten minutes, three hours, and hventj'-focir hours after tooth extractions. 
In eight of the cases (32 per cent) positive cultures have been ob- 
tained. These results confirm those of numerous investigntofs who have 
reported similar findings in 10 to 75 per cent of the subjects tested.**'** 

EXTEHIMEMTAL EMDOCAItDITlS 

A rlisease simulating subacute bacterial endocarditis, both in the 
clinical course and postmortem findings, has been produced repeatedly 
in laboratory animals— especially the rabbit and dog— by intravenous 
inoculations of Streptococcus viridans. Rosenow*” felt tliat a much 
higher Incidence of the experimental disease could be obtained by 
using streptococcus cultures from the blood of patients suffering from 
the disease. Other workers showed that tlie source of the streptococci 
was unimportant, those usually regarded as harmless saprophytes in 
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the oral cavity or intestinal tract of normal persons being capable of 
inciting the disease in animals if given in large enough quantity over 
a long enough period.^^- Still other investigators have tried meth- 
ods which they considered simulated better the train of events in 
human endocarditis. Injection of viridans steptococci was preceded by 
“preparation” in various ways— such as mechanical traumatizing of the 
heart valves or mural endocardium with a wire or hypodermic needle;-® 
injection of aleuronate intravenously to injure and vascularize the 
valves;® creation of a subcutaneous focus of the streptococcus later to 
be injected intravenously; intravenous injection of casein, pituitrin, 
hthium carmine and other preparations to mjure the endocardium; 
production of scm^q^ by dietary restriction.^ After such “preparation” 
it was foimd that injections of Streptococcus viridans need not be as 
large or over as long a period for successful results in producing veg- 
etations. 

Some years ago, Dr. Herbert H. Kilgore and I injected Soricin 
(sclerosing solution) in small amounts into the heart muscle near the 
valve attachments in rabbits. Be ginni ng the same day and continuing 
at intervals of twenty-four to forty-eight hours Streptococcus viridans 
strains from subacute bacterial endocarditis were injected in doses of 
1 to 2 cc. Several typical vegetative endocardial lesions were produced, 
which acted as the site for multiple emboli in the experimental 
animals. 

An experiment of Friedman, Katz and associates®® is of interest in 
explaining the invulnerabihty of the bacteria of endocardial vegetations 
to the action of antibodies, phagocytes and drugs. They suspended in 
the blood stream of the abdominal aorta of seven dogs a small bake- 
lite capsule filled with a blood agar culture of Streptococcus viridans 
and perforated at the free end. In two of tlie animals the capsules be- 
came completely covered with fibrin, so that polymorphonuclear leuko- 
cytes could not gain entrance. In the other animals the capsule cultures 
did not survive. However, in the fibrin-covered capsules the strepto- 
cocci flourished and vegetative lesions developed on the heart valves of 
the hosts. Thus enmeshment in a fibrin mass appeared to provide the 
microorganisms vwth the pabulum they required for rapid growth and 
at the same time protect them from the various mechanisms by which 
germs not so protected are destroyed. 

THE MECHANISM OF VEGETATION FORMATION 

The vegetations of bacterial endocarditis appear most frequently 
on the ventricular sides of the aortic and mitral valves at the point 
where the free edges of the cusps meet as the valves close, hence at 
the point of greatest mecham'cal impact. According to Moore,®® any 
of' the valves may be involved but mitral vegetations due to Strepto- 
coccus viridans are ten times as frequent as .tricuspid and twenty-seven 
times as frequent as pulmonic vegetations. Aortic vegetations are about 
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seven times as frequent ns tricuspid and eighteen times as frequent as 
pulmonic lesions. Frequently the mural endocardium just above or 
belmv the mitral \'nlve and the chordae tendinae of the ntrioven- 
tricular valves are the sites of vegetations. In typical bacterial endo- 
carditis, microscopically it is seen that immediately adjacent to the 
valve surface there is a zone comprising from one-half to hvo-thirds of 
the vegetation which is composed of necrotic debris with feiv living 
cells. This zone contains fibers of collagen and some elastic fibrillac. 
Young fibroblastic tissue and capillary vessels are seen growing into 
this zone. Above the first zone is a narrower one containing colonies of 
bacteria in rather dense masses and surroimded by fibrin. Above this 
middle zone is a layer of fibrin in which are enmeshed a number of 
polynuclear leukocytes and red blood colls. This fibrin ns a rule com- 
pletely protects the bacterial clumps from phagocytosis. Since there is 
no general agreement as to the maimer in which these lesions des’elop, 
several of the current tlieories will be mentioned. 

1. Clawson and Bell-* proposed the idea that rheumatic fever and 
subacute bacterial endocarditis represent respectively mild and severe 
forms of the same disease. Tills idea was thought to be substantiated 
by the finding of a nonhemolytic streptococcus of low virulence in the 
blood cultures of a small number of patients hai’ing acute rheumatic 
fes'er, and the same organisms of hel^tened virulence in the majority 
of those in which the disease supposedly advanced to the condition 
recognized as endocarditis. 

As pointed out by Willlus,-’ this Idea seems imtenable, first because 
many organisms which have never been associated clinically with 
rheumatic fever, such as H. influenzae, B. abortus and so forth have 
been proved as the responsible agent in some cases of subacute bac- 
terial endocarditis; and secondly, because the endocardial lesions have 
been found in hearts which have never been the site of rheumatic 
lesions, for e-sample, those of congenital and syphilitic heart disease. 

2. Von Glahn and Pappeuheimer^* contended that active rheumatic 
endocarditis was an essential prerequisite to the occurrence of bac- 
terial endocarditis, althougli tlie active unhealed lesions may have 
been present for extremely long periods before the vegetations de- 
veloped. In support of this view they showed specimens in wlilch both 
processes were present in the same valve. Usually, however,' the simul- 
taneous presence of tlie two types of lesions is not found. Also the con- 
cept falls to explain the presence of subacute bacterial' endocarditis 
in hearts not the seat of rheumatic changes. 

3. Many persons believe that small bacterial emboli originating In 
foci of infection reach the valve leaflets througli capillaries grorving 
into the valves from the myocardium (Hildebrand and Priest,” Held 
and Llebersom* and others). Due to a state of hyperimmunity and in- 
creased local resistance in the sadves wlilch already are olironically 
diseased the usual response to Infection does not occur. Instead of an 
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exudation containing many leukocytes, ulceration and subsequent con- 
nective tissue formation, there is a deposit of fibrin and blood platelets 
which attracts, furnishes pabulum for and protects the micro- 
organisms. 

Attractive as this theory is it does not have general acceptance be- 
cause tliere is no agreement that all heart valves of adults are vas- 
cularized, even though there has been previous valvular damage. 
Harper^^ has shown that vascularization of valves may occur from 
intravenous injections of aleuronate into rabbits without the simul- 
taneous injection of bacteria, and he believes that other extraneous 
material in the blood stream may have the same effect. Hence in a pro- 
longed bacterial infection vascularization could occur as the result of 
nonspeeific injury; but he concludes that tliis process is an accompani- 
ment of the implantation of bacteria on the valve surface and not the 
cause of the endocarditis. Much evidence points to the implantation 
and focalization of bacteria on the surface of the valve from the blood 
stream rather than from embolization of the valves. 

4. Grant, Wood and Jones-® in an important contribution found that 
previously damaged hemrt valves had surface irregularities which did 
not in themselves offer a site for implantation of bacteria but which 
offered a location for the lodgement of platelet thrombi, which, in 
turn, attracted and held bacteria. Semsrotli and Koch®® found nodular, 
monocytic proliferations in the zone just beneath the intact valvular 
endotlielium. They believed that these nodules later regressed, causing 
endotlielial defects which became the site of thrombi upon which bac- 
teria from die blood stream became localized. 

5. The location of the lesions has indicated to many students the 
importance of mechanical factors. AUen,®^ Libman^ and others have 
pointed out that the undersurface of stenotic mitral aortic valves which 
receive the maximum force exerted by the left ventricle on its con- 
tained blood are die most frequent sites for localization of vegetations. 
These parts of the mural endocardium upon which blood very force- 
fully impinges— such as the wall of the ri^t ventricle opposite a small 
interventricular defect and the rim of such a defect, frequendy be- 
come the sites of vegetations. How this repeated trauma results in im- 
plantation of the bacteria is not clearly understood, but that it plays 
a role seems indisputable from clinical observation. 

6. Finally, the immunity status of the patient at the time of the 
initiating bacteremia requires careful consideration. Swift®® suggested 
that streptococcal infection in a- person who is hypersensitve resulted 
in rheumatic fever while subacute bacterial endocarditis was the out- 
come if the subject was immune. While this possible oversimplification 
has much merit, Libman has raised the objection that occasionally sub- 
acute bacterial endocarditis and rheumatic fever occur simultaneously 
in the same patient and even on the same valve. 

Keefer® and others have obser\fed that antibodies capable of de- 
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stroying the resxmnsible organisms In vitro ore frequently present In 
the blood of subacute bacterial endocarditis patients. Kinsella and 
Muether* produced endocarditis in dogs previously immunized to the 
micro-organisms being inoculated and in animals receiving hyper- 
immune serum at the time of experimental inoculation. Apparently the 
micro-organisms are easily destroyed in the blood stream by the com- 
bined action of antibodies and phagocytes. Continued bacterial pro- 
liferation on the heart valve can occur because, owing to the protec- 
tive film of fibrin on tlie outside and the inability of blood to reach the 
bacterial masses from the valve surface, phagocytosis of the rm’cro- 
organisms does not take place. Continued reinfection of the blood 
steam results from breaking loose of small masses of infected thrombi. 

pnornvLAXis 

Heal progress in tlie prevention of subacute bacterial endocarditis 
requires imagination. There is no way of predicting what the expec- 
tancy for this disease svill be in rhemnatlc subjects. However, when it 
is realized that appro.rimately 10 per cent of persons with congenital 
heart disease who come to autopsy have a subacute superimposed bac- 
terial endocarditis, the hazards of transient bacteremias in that group 
should be apparent to everyone. The danger of this development in 
persons svith active or inactive rheumatic heart disease is no less real. 
In individuals with syphilitic or arteriosclerotio heart disease subacute 
bacterial • endocarditis Is likewise a threat but a less serious one. If 
cognizance is taken of the various types of heart damage which pre- 
di^se to bacterial endocarditis and the possible sources of entry of 
bacteria into the blood stream ore recognized, much can be done in 
prevendou. 

In the long run the most important step in preventing this disease 
is the prevention of rheumatic fcoer. Present studies would indicate 
that prompt recognition and rigorous treatment of all hemolytic strep- 
tococcus Infections and prolonged supervision of the jrersons suffering 
from them constitute the most useful measures in that direction. If 
both the public and tlie medical profession could become fully aware 
of the sequelae of prolonged and neglected infections of the respiratory 
tract, patients would not be returned to tlieir usual pursuits twenty- 
foiu hours after the temperature has become normal. Instead, cultures 
of the nose and throat, blood counts and sedimentation rates wordd 
bo made routinely on all persons witli Infections of the upper respira- 
tory passages. Termination of medical care svould be made on the 
basis of negative cultures for hemolytic streptococcus and other patho- 
gens and on clinical and laboratory evidence that the infection had 
subsided. Such evidence includes disappearance of redness and 
lymphoid hyperplasia of the pharynx, and of enlarged cervical Ijmph 
nodes, togctlier with return of blood counts and sedimentation rates to 
normal and disappearance of albuminuria. In a follow-up study now 
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being made at Cook Coimty Contagious Hospital, we are finding by' 
these simple criteria that the Infectious state following scarlet fever 
often persists as long as three months after the patient has become 
afebrile. 

A rekindling of interest in focal infection would also do much in the 
prevention of subacute bacterial endocarditis. And in this regard once 
more the great need for anticipating tire consequences of continued 
slight infection merits re-emphasis. Foci should be eliminated before 
they have acted over a long period as sensitizing foci from which 
bacterial toxins are spread or as atriums from which bacteria are dis- 
seminated into the blood stream. In subjects witli known valvular heart 
disease, removal of such foci before vegetations are set up is of para- 
mount importance. 

Before the advent of sulfonamides and penicillin the risk of surgical 
removal of tonsils and teeth, washing of antrums and similar pro- 
cedures in known rheumatic subjects had to be weighed carefully 
against the risk of leaving them in. At the present time, if surgeon and 
internist \vill cooperate intelligently, the surgical risk can be minimal. 
In our own series of blood cultures taken immediately after tooth ex- 
tractions made under the protection of sulfonamides or penicillin, we 
have had no growth. The series (twenty cases) is too small for clinical 
conclusions but it seems most likely that a good therapeutic blood level 
of either agent will take care of any transient bacteremias that occur 
under these circumstances. That this program is not entirely foolproof, 
however, is shown by a series studied by Northrup and Crowley.®® In 
seventy-three persons under treatment with sulfathiazole given in doses 
of 1 gm. at intervals of four hours up to one to two hours before tooth 
exiraction, streptococci were cultured immediately after the operation 
in seven instances, but not ten minutes later. In five of these instances 
the sulfathiazole level was less than 3 mg. per 100 cc. of blood, two 
were in persons whose level was 3.5 to 5 mg. per 100 cc. As in every 
other medical procedure the need for careful, and adequate tlierapy is 
evident. 

Our o^vn plan in dealing vidth persons knovra to have chronic 
rheumatic heart disease is to hospitalize the subjects for tooth extrac- 
tions, antrum washings, tonsillectomy, and related procedures, if 
possible; tliey are then given penicillin by intramuscular injection of 
the aqueous solution in doses of 25,000 to 40,000 units every three 
hours beginning at least four hours before the surgical procedure and 
continuing for at least thirty-six horns afterwards. 'When hospitaliza- 
tion was not possible we have frequently given 300,000 units of penicil- 
lin in oil and beesrvax a few hours before tooth extraction and again 
twelve hours later. No bacteremia has resulted after these procedures 
but twice we have encountered severe allergic reactions to the penicil- 
lin in oil and beeswax. When sulfonamides have been used we have 
usually chosen sulfadiazine, starting wadi an initial dose of 3 gm. and 
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following with maintenance doses of 1 gm. every four hours for forty- 
eight hours, administering 3 gm. of sodium bicarhonate with each dose. 

The prompt use of either penicillin or sulfonamide in all respiratory 
infections and thrombophlebitis— even of a minor nature— in subjects 
with rheumatic or congenital heiurt disease and these measures or 
streptomycin in urinary tract infection also needs emphasis. Continua- 
tion of the therapy for as long as all signs of persistent infection re- 
mains is important. 

SUMBIARV 

Intelligent prophylactic measures against subacute bacterial endo- 
carditis depend upon a recognition of the underlying pathologic 
changes in the heart whidi serve as the determinative background for 
this disease. These changes chiefly are those present in cluonic rheu- 
matic valvular disease and congenital defects of tlie valves and heart 
chambers, although arteriosclerotic and sj-phllitic heart disease in 
rare instances rue implicated. 

The precipitating cause is the entrance of bacteria (usually non- 
hemolj'tic streptococci) into the blood stream with subsequent localiza- 
tion on the heart valves. Prevention of this bacteremia by removal of 
foci of infection under tlie protection of vigorous sulfonamide or anti- 
biotic therapy, and by siinilar treatment of spontaneous infections 
which may eventuate in bacteremia, is the physician’s duty. 
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THE PRESENT STATUS OF SYMPATHECTOMY 
IN THE TREATMENT OF HYPERTENSION 


Robert C. Bassett, M.D.* 

Durinc the past hvo decades, and more particularly during the lat- 
ter half of this period, interest in a specific attack upon the medically 
and economically potent problem of hypertension has absorbed a large 
share of attention from all special branches of medicine. 

The reasons for this swing in interest are apparent when one studies 
tlie statistical material available through the aeturial efforts of different 
life insurance groups, 

Witli progress in the fields of si>ecific and symptomatic therapy for 
diseases which formerly enjoyed a high rating in the list of “causes 
of death,” the hypertensive state has come fartlier to the front until 
it now enjoys first position. Furthermore, in keeping abreast with the 
pace set by his creations in practically all fields of endeavor, man has 
automatically, below the les’el of consciousness, adjusted his perform- 
ance to a faster, finer strung and more bewildering tempo than his 
autonomic nervous system is capable of serving at this stage in bis 
evolution. 

The psychological factor is a major barrier in the successful medical 
m.-magement of the majority of hypertensive patients. Most of them 
are at the peak of their productive years. It is neither psychologically 
nor economically sound, or in most Instances possible, for them to 
assume the role of semi-invalid which is a requisite of good medical 
management. 


RATIONALE FOR SURGICAL TREAT3IENT 

This line of reasoning calls for clarification of the etiological factors 
contributing to the hypertensive state. A concise picture cannot be 
drawn. It is well knoum that the cause of arterial hypertension Is a 
complexity of neurohumoral factors working in combination and 
sequence. 

We (Peet and associates) believe that the prime factor in the 
perpetuation of the hypertensive state is the physiologic GoldblatR- * 
“clMp” effect upon the efferent vascular bed to the kidney and that 
the splanchnic pool or shunt plays a secondary role. There is sug- 
gestive clinical laboratory evidence, deductive in nature, that this is 
true.*- Further work is necessary to prove or disprove this hypo- 
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thesis. The “clamp” is induced by vasopressor stimuli arising in the 
hypothalamus, which system responds in this fashion to pertinent 
stimuM either exogenous or endogenous in origin. Sympathectomy re- 
moves the “clamp.” The hypothalamic factor is quite generally ac- 
cepted and has been demonstrated in the laboratoiy^. An attack upon 
the problem of arterial hypertension by way of the hypothalamus 
would seem logical though with our present gross technic not feasible. 
Methods for such a teclmic are at present being investigated.® 

Others'^' beheve that the effectiveness of surgical ablation of 
sympathetic stimuli to the vascular bed of the splanchnic area is 
brought about by the creation of a vascular shunt or pool in the ab- 
dominal viscera and lower extremities and that the renal effect is of 
lesser importance in the overall picture. Grimson®- beheves that 
not only the splanchnic bed but the pulmonary, cardiac and cerebral 
vascular beds should be sympathetically denervated as well. Poppen^^ 
follows SmithTOck’s views in tire matter of the purpose of surgery and 
has extended his technic cephalad, the emphasis being an attempt at 
prevention of regeneration of efferent sympathetic pathways and more 
complete eradication of the ubiquitous so-called anomalous ramifica- 
tions of the thoracic chain and its contributions to the splanchnic 
sj'stem. 

It must be borne in mind that we are considering here arterial hyper- 
tension per se and not hypertension induced by unilateral kidney dis- 
ease, obstructive mopathies, adrenal or chromaffin cell tumors or brain 
tumors. 

SELECTION OF CASES 

As more and more hypertensives are treated smgically, pre-existing 
rigid criteria for selectivity have been modified, thus allowing the bene- 
fits of such treatment to individuals for whom previously the door had 
been closed. Age limits have been relaxed, old cerebral-vascular^^- 
accidents, coronary thrombosis, and cardiompgaly are no longer con- 
sidered contraindications. 

A compensated heart, acceptable kidney function as demonstrated 
by intravenous pyelography, a nonprotein nitrogen below 45 mg. per 
100 cc. of blood, tuea clearance of 60 per cent or greater, and concen- 
trating abilitj' to at least 1.014 are absolutely essential.^® 

We do not believe that suspected generalized arteriosclerosis is a 
definite contraindication^^ to stugical treatment since the operative re- 
sults in a single case cannot be predicted with certainty.^^- filach case 
must be judged upon its merits in so far as the chronological status 
versus the physiological status is concerned. 

No accurate prediction of the results of sjonpathectomy can be made 
from the findings of preoperative tests for lability of the vascular bed 
(cold pressor test,^® amytal test, other sedation and bed rest, or with 
tetra-ethyl-ammonium in our own laboratory^’^). In a good percentage 
of cases postoperative results "nrill follow in harmony but too frequently 
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they seem to bear an inverse relationship to pr^perative calculations 
based upon these tests.*® 

Age.— During the earlier phase of our experience xvith the surgical 
treatment of hypertension a more or less arbitrary upper age limit of 
forty-five years was set The reason for this limitation was the belief 
that sclerosing changes in the arteriolar bed would bo so fixed as to 
render irreversible any change in vascular capacity hoped for with 
sympathectomy. This is not altogether the case since fixed arteriolar 
cliange may be seen in any age group. 

There is no question but that generalized sclerosing changes limit 
the possibiUty of a good resjionse to sympathectomy; however, there 
is no way of determining the degree or extent of such a process in any 
one individual, particularly in the renal and splanchnic vascular beds, 
by any of our present gross methods. For this reason, patients having 
generalized evidence of sclerotic change are not denied surgical treat- 
ment and a significant number have shown a satisfactory response to 
the procedure. 

Many persons are physiologically younger than their chronological 
age would Indicate and many have had their hypertension for only a 
relatively short time, thus minimizing the chance of fixed vascijar 
change. Several of our patients have been in the age group of 50 to 55. 
The oldest patient operated upon xvns 63 and the youngest 8.“ 

Heart Disease.— In a group of 384 patients selected from Peel’s 
series having hypertensive or coronary heart disease shown objectively 
by significant orthodiagram and electrocardiogram changes pre- 
operadvely, SO per cent were living five to twelve years after opera- 
tion:’'’ Of the survivors 83 per cent have normal hearts by all sub- 
jective and objective criteria. Forty-one per cent of those showing 
abnormal preoperative electrocardiograms now show normal to sig- 
nificantly Improved tracings. Forty-four per cent of the survivors with 
preoperativo cardiomegaly showed normal heart size maintained five 
to rivelve years postoperatlvely. 

Of those patients having coronar)’ ocduslvo heart disease prior to 
operation eight out of eleven were surviving five to nine years after 
operation. 

Many patients are reluctant to consider what to them seems a drastic 
therapeutic measure until they have become cardiac cripples, having 
experienced decompensation, coronary occlusion, or suffered from 
severe and repeated anginal seizures. It has been shown that, ns a 
group, even in the light of the above statistics, these individuals have 
a poorer over-all prognosis than those cases in which there have been 
no comphcatlng caidiac factors.” Attempted salvage is, however, 
justified. 

However, heart disease is not a contraindication to surgical treat- 
ment. It has been our experience that a time interval of six to twelve 
months following an occlusive accident is optimal for election of 
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thesis. The “clamp” is induced by vasopressor stimuH arising in the 
hypothalamus, which system responds in this fashion to pertinent 
stimuH either exogenous or endogenous in origin. Sympathectomy re- 
moves the “clamp.” The hypothalamic factor is quite generally ac- 
cepted and has been demonstrated in the laboratory^. An attack upon 
the problem of arterial hypertension by way of the hypothalamus 
would seem logical though with our present gross technic not feasible. 
Methods for such a technic are at present being investigated.® 

Others''^’ believe that the effectiveness of surgical ablation of 
sympathetic stimuh to the vascular bed of the splanchnic area is 
brought about by the creation of a vascular shunt or pool in the ab- 
dominal viscera and lower extremities and that the renal effect is of 
lesser importance in the overall picture. Grimson®* beheves that 
not only the splanchnic bed but the pulmonary, cardiac and cerebral 
vascular beds should be sympatlietically denervated as well. Poppen^^ 
follows Smithwick’s views in the matter of the purpose of smgery and 
has extended his technic cephalad, the emphasis being an attempt at 
prevention of regeneration of efferent sympatlietic pathways and more 
complete eradication of the ubiquitous so-called anomalous ramifica- 
tions of the thoracic chain and its contributions to the splanchnic 
system. 

It must be borne in mind that we are considering here arterial hyper- 
tension per se and not hypertension induced by unilateral kidney dis- 
ease, obstructive uropathies, adrenal or chromaffin cell tumors or brain 
tumors. 

SELECTION OF CASES 

As more and more hypertensives are treated surgically, pre-existing 
rigid criteria for selectivity have been modified, thus allowing the bene- 
fits of such treatment to individuals for whom previously the door had 
been closed. Age limits have been relaxed, old cerebral-vascular"^®' 
accidents, coronary thrombosis, and cardiompgaly are no longer con- 
sidered contraindications. 

A compensated heart, acceptable kidney function as demonstrated 
by intravenous pyelography, a nonprotein nitrogen below 45 mg. per 
100 cc. of blood, mea clearance of 60 per cent or greater, and concen- 
trating abiUty to at least 1.014 are absolutely essential.^® 

We do not believe that suspected generahzed arteriosclerosis is a 
definite contraindication^^ to surgical treatment since the operative re- 
sults in a single case cannot be predicted with certainty.^'*- Each case 
must be judged upon its merits in so far as the chronological status 
versus the physiological status is concerned. 

No accurate prediction of the results of sympathectomy can be made 
from the findings of preoperative tests for labihty of the vascular bed 
(cold pressor test,^® amji:al test, other sedation and bed rest, or with 
tetra-ethyl-ammonium in our o^vn laboratory^"^). In a good percentage 
of cases postoperative results will follow in harmony but too frequently 
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they seem to bear an Inverse relationship to prebperativo calculations 
based upon these tests.’® 

Ago.— During the earher phase of our eiperience svlth the surgical 
treatment of hypertension a more or less arbitrary upper ago hmit of 
forty-five years was set Tlio reason for this limitation was the behef 
that sclerosing changes in the arteriolar bed would be so Iked as to 
render irreversible any change in vascular capacity hoped for witli 
sympatliectomy, This is not altogether the case since fixed arteriolar 
diango may be seen in any ago group. 

There is no question but that generalized sclerosing changes limit 
the possibility of a good response to sympathectomy; however, there 
is no way of determining the degree or extent of such a process in any 
one individual, particularly in tlie renal and splanchnic vascu la r beds, 
by any of our present gross metliods. For this reason, patients having 
generalized evidence of sclerodo change are not denied surgical treat- 
ment and a significant number have shown a satisfactory response to 
tile procedure. 

Many persons are physiologically younger than their chronological 
ago svould indicate and many have had their hypertension for only a 
relatively short time, thus minimizing the chance of fixed vascular 
change. Several of our patients have been in the ago group of 50 to 55. 
The oldest patient operated upon was 63 and the youngest 8.“ 

Iloart Diacaac.— In a group of 384 patients selected from Feet’s 
scrlfes having hypertensive or coronary heart disease shown objectively 
by significant orthodlagram and electrocardiogram changes pre- 
opeifttlvely, 60 per cent wore living five to twelve years after opera- 
tlon.’’® Of the survivors 93 per cent have normal hearts by all sub- 
jective and objectii’e criteria. Forty-one per cent of those showing 
abnormal preopemtive electrocardiograms nmv show normal to sig- 
nificantly improved tracings. Forty-four per cent of the survivors with 
preoperative cardiomegaly showed normal heart size maintained five 
to twelve years postopemtivoly. 

Of tliose patients having coronary occlusive heart disease prior to 
operation eight out of eleven wore surviving five to nine years after 
operation. 

Many patients are reluctant to consider what to them seems a drastic 
therapeutic measiiro until they have become cardiac cripples, having 
experienced decompensation, ebronnry occlusion, or suffered from 
severe and repeated anginal soizines. It has been shown that, ns a 
group, even in the Ugljt of the above statistics, those individuals have 
a poorer over-all prognosis than those cases in which there have been 
no complicating cardiac factors,’® Attempted salvage is, however, 
justified. 

However, heart disease is not a contraindication to surgical treat- 
ment. It has been our experience that a time interval of six to tivelve 
months following an o^hisive accident is optimal for election of 
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surgical treatment.^“ Any time following compensation by digitaliza- 
tion of a decompensated heart per se may be elected for operation. 

Malignant Hypertension.— The term “malignant” has become syn- 
onymous with the word "terminal” from a practical, clinical point of 
view. One or all phases of the ultimate evidence of severe damage to 
tlie organism are evident; marked encephalopathy (psychoses, con- 
vTiIsions, profound headache, coma); severe retinopathy with edema 
of the nerve heads and/or the retinal layers; hemorrhages and exu- 
dates; profound cardiac failmre; or renal insufficiency. 

It is true that occasionally one may interview a patient and from the 
subjective history and objective residuals deduce that he must have 
had a “malignant” episode in his hypertensive career. Such hyper- 
tensive “storms” or transitory “malignant” episodes do occur and for 
some reason subside spontaneously. Tliis, however, is the exception 
to the rule. 

Papilledema is the definitive finding evidencing the “malignant” 
phase of the hypertensive state.^**' The operative mortality in Peet’s 
series in those patients vidthout papilledema is 1.6 per cent as compared 
to an operative mortality of 10 per cent in those cases having grade IV 
(KVVC) funduscopic changes (malignant hypertension.) 

Of 143 patients with malignant hypertension operated upon in our 
series, 21.6 per cent have survived five to eleven years since operation. 
Tliis is remarkable when compared to survival rates for the malignant 
phase of arterial hypertension managed by other methods. 

If splanchnicectomy is performed before evidence of cardiac strain 
is manifest, the prognosis for malignant hypertension treated surgically 
is good.-^ If gross cardiac disease exists, tlie prognosis for more than a 
two years survival is poor.^- 

Shnilarly, in cases of mahgnant hypertension with evidence of kid- 
ney damage of significant functional degree, surgical treatment is only 
palliative. None of our series in the group of patients with malignant 
hypertension having a nonprotein nitrogen above 45 mg. per 100 cc. 
of blood survived more than two years following operation. 

Cerebral Vascular Disease.— Formerly in our clinic an individual 
with clinically evident cerebral vascular disease was denied the pos- 
sible benefits of srugery. In an effort to prevent further damage it is 
now believed that these patients are entitled to surgical treatment, 
but that each case must be judged individually.^^ 

Five to eleven years postoperatively, forty-ei^t of a total of seventy- 
three patients operated upon after cerebral vascular accidents were 
still living and, of these, forty-three have had no further difficulty. 
Most of the deaths were in the group suffering from malignant hyper- 
tension.^* It therefore seems worSiwhile to perform a splanchnicectomy 
in some patients who have bad a cerebral vascular accident rvith rea- 
sonable hopes of preventing another stroke. Of course the operative 
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risk is greater, since in this group, Bs in the group having had previous 
coronary infarction, the possibility of further tlirombosis is greatly in- 
creased with the sudden fall in pressure during the procedure. 

Kidney DlscuBe. — In a five to eleven year follow-up study of IIV 
patients, Peet and Isbcrg found that of fifty patients who had hn- 
paired kidney function prior to operation 36.4 per cent showed sig- 
nificant improvement in concentrating ability, 52,0 per cent were un- 
changed and only 11 per cent were worse.’- This latter group of living 
patients was asymptomatic in regard to residual hypertensive nephro- 
pathy. All of these patients had had kidney damage caused by the 
hypertension. 

Our cYperienco with pyelonephritis has been comparable to that of 
Smithwick*, namely, that these patients can be helped. 

We have treated a small group of patients by sympathectomy who 
had undergone nephrectomy for unilateral congenitally small kid- 
neys or unilateral pyelonephritis and contracted kidneys and had had 
no relief afterwards from tlielr hypertension. The greater percentage 
of this group has done well and a few have done exceptionally well 
after a bilateral supradiaphragmatic splandmiceclomy.— 

Pregnancy.— A significant group of women develop their first mani- 
festations of hypertension during pregnancy. This may be asymp- 
tomatic or associated svith other toxemic or pre-cclamptic rigns and first 
become recognized when the picture is full blown. 

As a rule, these patients show a better response os a group to 
sympathectomy than women having arterial hypertension per se.“' -* 

Many of these women are well svithln tlie child-bearing age and 
yearn for diildren of their own. There is often a history of multiple mis- 
carriages. After siilanchniccctomy these patients are followed dosely 
for at least two years particularly with regard to kidney function. If 
this remains satisfactory (normal concentrating ability, normal urea 
clearance and nonprotein nitrogen below 46 mg.) and blood pressure 
levels have remained normal or appreciably lowered, the patient is 
permitted to risk a pregnancy the course of which is to be followed 
meticulously by the obstetrician. 

We have operated upon a small group (five) of pregnant women 
who were known hypertensives prior to pregnancy.® Ouing to the 
rapid symptomatic progression of their hypertension during this state 
and since they desired to risk going to term, splanchnicectomy was 
carried out successfully in tJl five. None aborted following operation. 
Tire blood pressure fell to normal levels in three of this Eroun- in two 
it did not. 

It appears that, if the pregnant hypertensive woman is desirous of 
carrying her pregnancy to term and is actually threatened with the 
major complications of her combined status, splanchnicectomy has 
much to offer. The other nltcmatlvc is interruption of the pregnane)’. 
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TECHNIC OF SURGICAL TREATMENT 

In the search for an effective surgical method of attacking the prob- 
lem of hypertension several technics have been developed. Those intro- 
duced by Feet ( 1933 ) and SmithNvick ( 1938 ) have been most widely 
used. Feet’s series of now more than 1800 cases and Smithwick’s series 
of more tlian 1200 cases are by far the largest. Poppen and Crimson 
have large individual groups of cases treated by tlieir methods. Earher 
methods have not proved of as great value. 

Attempts to analyze end results on a comparable basis in isolated 
series of cases are not hterally practicable, prunarily because of the 
wide variations in blood pressure among hypertensive patients. Such 
a comparison would be academic at any rate. Basically the over-all re- 
sults of the various technics are quite comparable and about equally 
effective. From a practical point of view it would appear that the 
minimum procedure giving the maximum effect should be the pro- 
cedure of choice. 

Snpradiaphragmatic Splanchniceclomy and Lower Dorsal Sympathectomy 
(Pcet).— Feet first performed this operation in 1933 upon a patient suffering from 
malignant hypertension.®’’ The results were dramatic. 

Initially, lower dorsal sympatlietic ganglia 10-11-12, tlieir rami and the 
splanclmic nerves were removed.®®- ®’ This is accomplished by resection of about 
m inches of the eleventh rib, approaching extrapleurally the greater splanclmic 
nerve and tlioracic sympatlietic gangUonated chain. By tugging cephalad upon the 
greater splanchnic nerve it is possible to bring the upper pole of the celiac 
ganglion into view and the nerve is cut at tliat point. 

During the past ten years the procedure has gradually been extended cephalad 
to include the seventh dorsal sympathetic ganglion. In many cases the sixth 
ganglion and occasionally tlie fifth can be reached. The purpose of tin's extension 
of the originally limited procedure is to limit the possibility of regeneration of 
nerves. 

We have reoperated upon a few (six) patients having recurrence of hyperten- 
sion and have searched for regenerated fibers. These patients had all had marked 
lowering of their blood pressure for periods varying from two to nine years. No 
grossly visible nerves have been found. However, in tissue resected from the previ- 
ous location of the chain, microscopic sections demonstrate multiple, fine, thinly 
myelinated nerve fibers. 

In all but two of these patients it was found that the twelfth ganglion had 8°^ 
been removed. In these cases the diaphragm was stripped further caudad and tlie 
first lumbar gangh'on removed as well. 

The Feet procedure is carried out as one operation, both sides being done at the 
same time. The average operating time is one hour. The patient is discharged from 
die hospital between the tendi and fourteenth hospital days. 

Lumbodorsal Sympathectomy and Splnnchnicectomy (Sniithwick). — Smith- 
wick developed his present technic in 1938. Recognizing earlier the nmnerous fail- 
ures of the subdiaphragmatic procedure,®® he e.\tended his operation through and 
above the diaphragm to include the eighdi dorsal sympathetic ganglion. The 
lower limits of the dissection include always lumbar ganglion one— frequently two 
and three— as well as the lower dorsal chain and the splanchnic nerves. The chief 
advantage of this exposure, aside from its effect upon the hypertensive state, is 
that it enables exploration of the adrenal glands and kidneys thus excluding the 
possibility of a neoplastic (adrenal) eriology- for the increase in blood pressure. 
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Both kfdueys are biopsicd tlius gaining some Information of limited prognostic 
value In ee^ case. 

In Instances of protracted angina pectoris, Smithvvick utilizes total thoradc 
sympathectomy from the Inferior cervical ganglion through the twelfth dorsal 
ganglion with resection of the available splanclmte nerves within the thorax. Pa- 
tients luiTerlng unusual tachycardia are sub|ected to a similar procedure witli the 
exception that the itelbte and first thoracic ganglia are not remo\'ed. 

The operation Is carried out in two stages, one side at a time, a week to ten 
days apart 

Poppen has extended tlie Smitirwick technic cephabd to Include the fourtli 
and/or third thoracic sjmpathetic ganglion. This necessitates a longer incision and 
resection of the elglilh as %ven os the eleventh rib. He has recently reported his 
results in 100 consecutive coses In which this technic has been used.^ 

Total Thoradc Synipatheetomf, Celiac Ganglioriccloray and Splanclintccc- 
tomy (Grlmton)*— Crimson evolv^ his concept of surgical relief of tb© h>’per- 
tensh'e state from results obtained in tire laboratoT)' using dogs as die test aniina) ® 
The powerful ^*asopressor itirauluj of increased intracranial pressure >vas utilized 
for the Induction of hypertension In the animals. He found that n reversal of the 
experimental hipertensive state could bo brought about effectively only bj' total 
tb^dc syrapatboctomy and supradlaphragmatio splancIinJcectomy.*' 

Crimson*! operation Is performed In tw^) stages a week to ten daj^ apart. The 
approach to the sympathetic chain and splanchnic nerves is transtlioradc, the third 
and se\’enth ribs being resected. The dorsal sympathetic chain from the stellate 
ganglion to the twelfth thoradc and the splanchnic nerves are dissected out and 
remm-ed as a complete anatomical spedmen. This procedure induces a greater 
deceo of postural h>TX)lenslcm which adds considerably to the postoperative mor- 
bkllty until compensatory adlustroent occurs.*® 

Smlthwick believes that such an eilenaivo procedure is probably not entirely 
amenable to the problem of hypertension In humans since individuals failing to 
respond to his pnx»dure failed as well to respond to total thoradc sympathec- 
tomy.** He has corroborated Grlmson’s observations in patients having coronaty' 
heart disease, angina pectoris, or unusual tachycardia. Howev'er, In our experience 
with the Pect procedure we have also obtained relief f ro m anginal seizures In 
many patients.** 

- COBIPUCATIONS OF SURCICAL TREATMENT 

Mortality.— It must be emphasized that, in any individual sufFenng 
from a constitutional disorder having such widespread and dtn'astating 
effects upon the organism ns a whole, the risk associated with any 
major rectifying procedure has a direct relationship to the time and 
effect quantities fn the equation. 

It is therefore remarkable that in all hands of experience the mor- 
ality of sympathectomy for h>T>ertension is of minimal degree. The 
estimated mortah'ty in Feet's series of 1500 cases was 3.2 per centi^ 
and in Smithwick's series of 1200 unselected cases the mortality was 
1 per cent; in selected cases the rate was a fraction of this figure.^ 
Tlio Feet series is made up of a good many patients having malignant 
■ hypertension and in older age groups witli more advanc^ changes 
in the cardloMisculxu--renaI status, which explains the slightly higher 
mortality rate. 

Morliidity.— Fostoperative morbidity is chiefly the result of trauma 
to the intercostal nerves and disturbance of the sympathetic outflow to- 
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the gut Patients complain of three kinds of pain: aching back pajn 
in the incisional site, pain radiating anteriorly over the course of the 
lower intercostal nerves, and severe abdominal cramping. 

The intercostal pain is primarily paresthetic in nature, a burning 
tenderness which makes the skin of the abdomen extremely sensitive 
to touch. There may be an accompanying sense of bloating due to 
paresis of tlie abdominal muscles, which lasts a variable length of 
time but usually disappears completely within three to four months 
after operation. 

The abdominal cramping pain is at times extremely severe. It seems 
to respond neither to sympathomimetic nor to parasympathomimetic 
drugs. Occasionally atropine offers some rehef. This pain usually comes 
within forty-eight to sixty-two hours following operation and may last 
a week to ten days. It may be that it represents compensating activity 
on the part of the parasjTnpathetics and Auerbach’s plexus. However, 
postoperative x-ray study of the gastrointestinal tract in a series of our 
ipatients during this phase has shown contrarily a static picture with 
dilatation of the small gut and stomach.^^ 

Postoperative hypotension is a real factor in the more extensive 
surgical procedures. This can be controlled by the use of ace bandages 
to the lower extremities and abdominal binders. 

Small tears may occasionally occur in the pleura; as a rule, however, 
they induce no subjective or objective postoperative effects. With ex- 
tensive pleural tears subcutaneous emphysema of the neck and upper 
tliorax may result. This air is usually absorbed over a period of two to 
three days. 

Minimal pulmonary atelectasis is probably the simplest and most 
common postoperative complication and can be recognized early and 
dealt with effectively. Pleural effusion associated \vith pulmonary 
atelectasis is rarely seen to the extent that it requires thoracentesis. 

Pneumothorax is watched for closely during the immediate forty- 
eight hour postoperative period but is rarely seen. If present it is 
treated by thoracentesis. This is not a tension pneumothorax but re- 
sults from a fault in closrue of the chest wound. 

Vascular Accidents.— The operation and the acute postoperative 
period may be complicated by coronary thrombosis and cerebral 
and/or pontine thromboses. This possibility is always anticipated and 
for this reason the blood pressure is followed minute by minute during 
the procedure and is not allowed to fall below a level decided upon 
before anesthesia is induced. Even so, deaths from this cause are 
mainly responsible for the operative mortality. 

We have had four cases of thrombosis of the anterior spinal artery 
mth resultant permanent residual ischemic myelitis. 

Cliylotliorax.— The tlioracic duct is anatomically intimately related 
to the splanchnic nerves as they pass through the diaphragmatic hiatus 
on the right side. There are also radicles of tlie chylous drainage sys- 
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surgical procedures. This can be controlled by the use of ace bandages 
to the lower extremities and abdominal binders. 

Small tears may occasionally occur in the pleura; as a rule, however, 
they induce no subjective or objective postoperative effects. With ex- 
tensive pleural tears subcutaneous emphysema of the neck and upper 
thorax may result This air is usually absorbed over a period of two to 
three days. 

Minimal pulmonary atelectasis is probably the simplest and most 
common postoperative complication and can be recognized early and 
dealt with effectively. Pleural effusion associated with pulmonary 
atelectasis is rarely seen to the extent that it requires thoracentesis. 

Pneumothorax is watched for closely during the immediate forty- 
eight hour postoperative period but is rarely seen. If present it is 
treated by thoracentesis. This is not a tension pneumothorax but re- 
sults from a fault in closure of the chest wound. 

Vascular Accidents.— The operation and the acute postoperative 
period may be complicated by coronary thrombosis and cerebral 
and/or pontine thromboses. This possibihty is always anticipated and 
for this reason the blood pressure is followed minute by minute dining 
the procedure and is not allowed to fall below a level decided upon 
before anesthesia is induced. Even so, deaths from this cause are 
mainly responsible for the operative mortahty. 

We have had four cases of thrombosis of the anterior Spinal artery 
witli resultant permanent residual ischemic myehtis. 

Chylothorax.— The thoracic duct is anatomically intimately related 
to the splanchnic nen'es as tliey pass tlirough the diaphragmatic hiatus 
on the right side. Tliere are also radicles of the chylous drainage sys- 
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tem criss-crossing the vertebral bodies anteriorly. Some of these are 
large. 

We have had five patients ivith postoperative chylothom,x. All were 
treated e.rpectnntly svitli repeated tliorncenteses, and die efifnsion was 
controlled in all but two. Of these two one e.vpircd of coronarj' 
occlusion when the chest was reopened to clip the duct and in the other 
the chylothorax was successfully controlled by finding (he tom duct 
and applying silver oHps.’- None of these patients exhibited the ex- 
pected cachexia associated with loss of chyle. 

Sterility In Males.— TheoreticaUy the effective stimulus for contrac- 
tion of the seminal vesicles is mediated through lumbar ganglia one 
and two. With removal of these ganglia one might expect inadequate 
numbers of sperm in the ejaculum thereby induchig sterihty. 

Tills is not a reliable deduction since pregnancy has been knoivn to 
occur in the consorts of upper lumbar sympadiectomized males thouglit 
to be sterile for the above reason. Fuithcnnore, it is reasonable to 
assume that ex'en with loss of contractility of the seminal vesicles, 
sufficient ox'erflow would he constantly present thus rendering penna- 
nent sterility improbable. 

sinttsunv 

Sympathectomy in all experienced hands has pros ed an extremely 
useful adjunct to a medical therapeutic annamentarium in hyper- 
tension xvhlch for over-all practical purposes has been significantly in- 
effective. This is particularly true of the malignant phase of arterial 
hypertension. 

Surgical treatment of the hypertensive state is not a specific thera- 
peutic method nor a cure. Hosvcx’er, to date, it has proved to be the 
most effective method of management. It is an attack upon a significant 
sector of the sdcious neurohumeral cycle of es’ents that has been 
touched off by some as yet nebulous factor. Tlic results are effective. 
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PRECORDIAL LEADS UV CLINICAL ELECTROCARDIOGRAPHY 


L, N. Katz, MX).. F>A.C.P.,“ M. Dolgin, M.D.f and 
R. Lancendorf, M.D.} 

The Introduction of precordial leads represents the single most im- 
portant recent advance in augmenting the diagnostic utility of the 
electrocardiogram. In less than two decades the value of these leads 
has been universally accepted by e-vperienced cardiologists, so that at 
present an electrocardiographic examination which does not include 
precordia] leads must be considered incomplete. Although it is true 
that there are sdU a number of unsolved problems concerning the 
theory and interpretation of the precordial electrocardiogram, suffi- 
cient experience has been gained in its use so that its speciflo ad- 
vantages may be clearly stated. It is the purpose of this report to dis- 
cuss and illustrate tliese advantages as we have learned them in the 
course of an extensive e.xperience. Hlglily theoretical and controversial 
considerations will be omitted for the most part, in order to preserve 
the practical nature of the review. 

niE NATURE OF PRECORDIAL LEADS. THE LOCATION OF THE 
INDIFFERENT ELECTRODE 

A precordial lead records, ns faithfully as is possible in the living 
human subject, the electrical clionges occurring at the epicardial 
surfare of that portion of the heart subjacent to the chest electrode. 
IF is the dosest approach we have to obtain direct epicardial leads 
from the surface of the heart, and it was in an attempt to reproduce 
the electrogram of animals that the precordial leads were introduced 
in human dectrocardiography. A precordial lead differs from a stand- 
ard lead in that in the case of tile latter the two electrodes are at a 
relatively great and an appro.dmately equal distance from the heart, 
and the electrical changes occurring at each of the electrodes exert a 
more or less equal influence in determining the form of the final 
record. As a consequence, sudi a record represents the algebraic 
difference between die potential variations of two dectrodes of ap- 
proximately equal influence. The prindpal practical disadvantages of 
such leads are, first, conspicuous dianges may occur which do not re- 
flect intrinsic cardiac abnormalities, but rather variations in the posi- 
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tion of tlae heart. in the thoracic cage; second, the direction of a given 
deflection does not necessarily indicate the true polarity recorded at 
that instant; third, the relatively great distance of the electrodes 
from the heart does not permit accurate localization of disease within 
tire heart. In a precordial lead, however, the close proximity of one 
electrode to the heart enables the final record td be a fairly accurate 
representation of the changes occurring at the heart’s surface since the 
magnitude of these changes is much greater than at distant points on 
the extremities. In a precordial lead, therefore, the distant electrode 
exerts relatively httle eflFect on the tracing. Furthermore, the use of 
an exploring electrode over the precordium facilitates detection of 
some cardiac abnormahties which are beyond the range of the fixed 
standard limb leads. 

There is no imanimity of opinion as to the most desirable location 
for the “indifferent” electrode. The reports of the American and 
British Heart Associations^ recommended that this electrode be placed 
on tire right or left arm or the left leg, or that it be connected to a 
central terminal formed by leading wires from electrodes on each 
of the three extremities to a common terminal, a resistance of 5000 
ohms being interposed between each extremity and the terminal. It 
is our practice to pair the precordial electrode with one on the left 
leg. It is necessary to point out that the precordial electrocardiogram 
varies somewhat, depending on the location of the indifferent elec- 
b'ode. It is beyond the scope of this paper to discuss the problem in 
detail. The variations are of relatively little significance in the ma- 
jority of cases. Occasionally, however, the electrical changes occur- 
ring at the extremity electrode produce sufficient distortion of the trac- 
ing to lead to incorrect diagnosis. For example, in a normal male sub- 
ject with an asthenic habitus, the QRS complexes in leads CF 4 and 
CF 5 were inverted. This abnormahty in a subject wdth right axis shift 
suggested possible right ventricular preponderance. When the central 
terminal was used as the indifferent electrode the QRS complexes in 
V 4 and Vfj were normal. The central terminal in this case obviated 
tlie distortion produced by tlie potential variations of the extremity 
electrode. 


THE SELECTION OF PRECORDIAL POSITIONS 

As in the case of the location of die “indifferent” electrode, there is a 
difference of opinion as to the number and location of precordial posi- 
c- tions to be used in recording precordial leads. It is, however, inherent 
in the principle of an exploring electrode that several precordial positions 
be used. All ex-perienced electrocardiographers are now in agreement on 
this point. Unfortunately, many physicians still take only one chest 
lead, from the cardiac apex. This practice is to be discouraged. Fre- 
quently this lead is perfectly normal, whereas if the chest electrode 
is moved a few centimeters away from the apex in any direction, 
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striking abnormalities may be detected. Furthermore, the electro- 
cardiographic diagnosis of some abnormnlihes is based on the demon- 
stration of a pattern of changes in lends over the right side of the 
precordium, left side of the precordium and the transition zone be- 
tween the tsvo. Such patterns cannot be obtained when only one lead 
is taken'. Routinely, we employ three chest positions; Cj (the fourtli 
intercoastal space just to the left of the sternum), C 4 (the junction 
of the left mldclavicular line and the fifth intercoastal space), Cj (the 
left anterior axillary line at the same horizontal level as C 4 ). In cer- 
tain cases additional positions are used (the left mid and posterior 
axillary lines at the les-el of Cj, the riglit fourth parasternal inter- 
coastal space, or points in the second or third left intercoastal spaces 
in the mid axilla). These are of particular value in detecting small, 
well localized areas of myocardial infarction when the routine leads 
are normal or equis'ocal. The mobility of the precordial electrode is 
one of its main advantages, and it should be exploited. In the fol- 
losving pages discussion will be limited to the routine precordial lends 
we use. CFo, CF 4 and CF(j. 

THE PRECOnDUL ELECTBOCAnDIOCRAM OF THE NOnsiAL SUBJECT 

The QRS complexes tn the chest lends of a normal adult show a 
consistent pattern ns the e.xploring electrode is moved from right to 
left. The R wave is small and narrow in CF; and becomes taller and 
broader in CF 4 and CF 5 . Tlie S wave is deep and broad £n CF; and 
becomes smaller and narrower in CFj and CF 5 . Thus, the R-S ratio 
increases as the exploring electrode is moved from right to left. This 
pattern is fairly constant irrespective of shifts in the direction of the 
electrical axis as found in the limb leads except when these are 
marked. Figure 47, A, shoxvs normal right axis shift. Figure 47, B, 
shows normal left axis shift. The chest leads are essentially the same 
in both records. The P wave may be upright or small and Inverted, 
and the T wave is upright except in a rare young adult who may have 
an inverted T wave in CF; and even more rarely in CFj . The S-T seg- 
ment is isoelectric or slightly elex’ated. It is important to recognize 
that in Infants and young children the T wnves in CF^ and CF 4 are 
normally inverted (Fig 47, C). In older children and adolescents tlje 
T xvave in CFj only is normally inverted or notched. 

The criteria for the diagnosis of liormal and abnormal deflections' 
in the chest leads are given in detail elsewhere.® Howex'er, certain 
points should be emphasized. The absence of an R xvave in CFj, CF4 
or CF |5 is abnormal. The absence of an S wave in CFo is abnormal 
The presence of a Q wave in CFo is abnormal. A deep Q xvave in any 
chest load is abnormal An inverted T wave in any chest lead is ab- 
normal except in children and young adults as mentioned above. A 
depressed S-T segment in any chest lead is abnormal except for slight 
depression in CFn. 
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Fig. 47.— Examples of normal electrocardiograms (A, B, C) and nonspecific pre- 
cordial lead abnorraalib’es (D). (Discussed in text.) 

MYOCARDIAL INFARCTION 

Although in most instances the standard hmb leads provide clear 
cAudence of myocardial infarction, not infrequently they are equivocal 
or actually normal. In such cases the precordial leads may show the 
diagnostic changes. These changes may be present in all of the chest 
leads or in only one or tv^o of them. At times the hmb leads show a 
pattern of abnormahties which is difficult to distinguish from heart 
strain whereas precordial derivations are indicative of recent or healed 
infarction. Tlie chest leads may be used to locate infarcts more or less 
precisely and to indicate the extent of the infarct. In acute cor pul- 
monale due to massive pulmonary embohsm or in acute diffuse peri- 
carditis the limb leads may resemble posterior or anterior wall infarc- 
tion respectively, whereas the chest leads help to estabhsh the correct 
diagnosis. 

The electrocardiogram reproduced in Figiu'e 48, A, is an example of 
an extensive recent anterior wall infarct showing tlie classical changes 
in both standard and precordial leads. In lead 1 there is a relatively 
deep Q wave and a small R wave. The S-T segment is abnormally 
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elevated and takes origin close to the summit of the R wave. The T 
wave Is small and inverted. Deep S waves are present in leads 2 and 
3, and the S-T segment is elevated In lead 2 and depressed in lead 3. 
The diagnostic changes are magnified in the precordial leads. All of 
them show the disappearance of the H deflection for which has been 
substituted a deep QS wave. The S-T segment is markedly elevated, 
indicative of currents of injur)', and the T wave is small and diphasic 
in CFo and inverted in CF 4 and CFn. In view of the fact that all the 
precordial leads show the changes of recent myocardial infarction it 
may be inferred tliat die infarct is e.rtensive, invoKhig regions of die 
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Fig. 48.— Examples of anterior wall infarction, (Discnssed in text.) 

myocardium close to the interventricular septum ( CF^ ) and the more 
lateral left ventricular wall (CFj) as well as the myocardium inter- 
mediate between these two posidons (CF 4 ). 

In Figure 48, B and C, the electrocardiograms illustrate the diag- 
nostic value of the chest leads in recent and healed infarctions when 
the standard leads are equivocal or normal. In Figure 48, B, the 
changes indicative of recent anterior svnll infarction are clear in the 
chest leads, particularly CFj and CF^ (absence of the R wave and 
presence of a QS wave in CF;, deep Q wave in CF 4 , elevated S-T 
segments in all chest leads and inverted T waves in CFo and CF 4 ). 
The limb leads, however, shosv only a tendency to low voltage, small 
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Q waves in leads 2 and 3 and slight depression of the S-T segment in 
lead 3. The limb leads, therefore, are not diagnostic of anterior wall 
infarction. In healing or healed anterior wall infarction the superiority 
of the chest leads may be even more striking than in recent infarction, 
as is shown in Figure 48, C. Here, the limb leads are abnormal be- 
cause Ti is smaller than T 3 , but tliis is not diagnostic of remote an- 
terior wall infarction. The precordial leads, however, show a deep QS 
deflection in CFo and CF 4 and inverted T waves in all tlie chest leads, 
most marked in CF 2 and CF 4 . These changes are diagnostic of a heal- 
ing or healed anterior wall infarction. 



Fig. 49. Examples of anterior xtoU infarction (A, B, C), anterolateral infarction 
(D) and posterolateral infarction (E). (Discussed in text) 

Inasmuch as precordial leads record principally (but not exclu- 
sively) the electrical changes occurring at the epicardial surface of 
that portion of the heart subjacent to the chest electrode, they are 
capable of detecting well locahzed areas of injury^ or disease. If the 
diseased zone is small enough, the diagnostic changes xvill appear in 
only one of the precordial positions. If it is more diffuse, more than one 
position wall record the changes, but these wdU be most pronounced 
in the position closest to the area of disease. Figiue 49, A, is the elec- 
trocardiogram of a patient with a r 6 cent myocardial infarction. The 
limb leads suggest t^'s diagnosis by virtue of the elevation of tlie S-T 
segment in lead 1 and the depression of the S-T segment in lead 3. 
The changes in the chest leads are limited exclusively to CF 5 which 
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sliows an nbnonnally elevated S-T segment and inverted T wave (and 
a small Q wave). The infgrct, therefore. Is located in the more lateral 
portion of the left ventricular myocardium since position Cj records 
especially well potential variations from this region of the heart In this 
case lead CFs is more diagnostic of infarction than the limb leads. It is 
apparent, then, that the valuable confirmatory information afforded 
by this precordlal lead would not have been obtained had only lead 
CF^ been recorded. In tlie electrocardiogram shoivn in Figure 49, B, 
although the limb leads and leads CFj and CFu are abnormal, they 
are not diagnostic of myocardial infarction. CF4, however, is t)’pical, 
showing the large notched QS deflection, the eler'atcd S-T segment 
and the deeply inverted T wave. Only in this lead are the diagnostic 
changes present The electrocardiogram shown in Figure 49, C, was 
talcen on a patient with a healed myocardial infarct. T wave inversions 
are present in leads CFo and CF4, but the changes are more charac- 
teristic in tlie former which has abnormalities in the initial s'entricular 
deflection (absence of R wave and presence of QS wave) as well ns 
T inversion. Note that the limb leads are u-itliln normal limits. Tliese 
three e.Tamples serve to illustrate the fact diat diagnostic changes may 
appear only in certain precordial leads. It cannot be emphasized too 
strongly that at least three chest leads should be used in routine elec- 
trocardiograph)'. Occasionally it may be necessary to eiplore the pre- 
cordlum still further in order to detect focal areas of myocardial 
disease. 

The majority of infarcts are neither strictly anterior nor posterior 
but involve thlT left lalertfl wall to some degree. The precordial leads 
'TU'B'helptul in diagiTosing the lateral ■wall component of the infarct. 
In the electrocardiogram reproduced in Figure 49, D, the deeply in- 
verted symmetrical T wave in lend I and the tall symmetrical T wave 
hi lead 3 are diagnostic of healing anterior ■n'all Infarction (confirma- 
toiy' Is the small R in lead 1 and the deep S in leads 2 and 3). The 
chest leads, however, localize the infarct more precisely to the antero- 
lateral wall, since lead CFj alone shorvs the T wave inversion. The 
very tall upright T wave in CF™ is abnormal and confirms the diag- 
nosis of lateral wall involvement. Tlie opposite changes in the T waves 
in leads CFj and CF 5 ore predictable on theoretical grounds, but tlie 
explanation is beyond the scope of this review. Posterolateral wall in- 
farcts may similarly be diagnosed. In Figure 49, E, the presence of 
deep Q and invert^ T waves in leads 2 and 3 Is indicative of remote 
posterior wall infarction. The T wave inversion in lead CFj demon- 
strates the specific involvement of tho lateral wall. 

Not infrequently it is difficult to distinguish between infarction and 
heart strain on the basis of limb leads alone. Chest leads are particu- 
larly helpful in making this differentiation. The electrocardiogram in 
Figure A, shows limb load clianges suggestii’e of left ventricular 
strain (S-Tj depressed, Tj inverted, deep S.i). The chest leads, hmv- 
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ever, show the characteristic pattern of an extensive anterior wall in- 
farction. It may be that both heart strain and infarction were present 
simultaneously, but were the limb leads the only leads recorded the 
diagnosis of recent myocardial infarction would have been missed. 
The electrocardiogram in Figure 50, B, illustrates the same phenom- 
enon except that the precordial leads indicate a healed infarct. 

In some cases of myocardial infarction both anterior and posterior 
walls are involved as a result of a single or several episodes. Tire true 
extent of infarction may not be appreciated without the assistance of 
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Fig. oO.—Examples of anterior wall infarction {A, B, C), acute cor pulmonale (D), 
and diffuse pericarditis (E), (Discussed in text.) 


diest leads. Tlie electrocardiogram in Figure 50, C, shows limb lead 
changes indicative of recent posterior wall infarction ( elevation of S-T 
segments in leads 2 and 3 and deep QS 2 and QS 3 ). The precordial 
leads demonstrate tlie anterior wall component by virtue of the ab- 
sence of the R waves (the presence of QS waves) and the elevation 
of the S-T segments. 

Precordial leads are less helpful in tlie diagnosis of posterior wall 
infarction than anterior wall infarction because of the lack of clianges 
in tlie QRS complex. In recent posterior infarction the precordial leads 
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tend to diow depression of the S-T segments. In healing or healed 
posterior wall infarction the upriglit T waves in the chest lends be- 
come abnormally tall and symmetrical. Occasionally tliis may be the 
only precordial residue of a remote posterior wall infarct Ksophageal 
leads or leads from the posterior thorax may present the diagnostic 
changes of posterior wall infarction when anterior chest leads are 
normal. In general, tlie standard limb leads are more useful than the 
routine precordial leads in demonstrating posterior wall infarct but in 
ulmut 5 per cent of cases, the S-T depressions in tlie chest leads may 
be the only early evidence of posterior wall infarction. In selected 
cases the special leads mentioned above should be used. 

In receut myocardial infarction and in healing myocardial Infarc- 
tion, of course, recourse may be hud to serial records repeated a few 
days or weeks apart to make tlie diagnosis. In old healed infarction 
when the records are stabilized, seriatim records will not help and con- 
tour will be the sole criterion. It is here that tlie chest leads are so 
valuable. 

ACUTE COR PULSIONALE AND PERICARDITIS 

Acute cor pulmonale due to pulmonary emboUsm produces charac- 
teristic changes in both standard and chest leads. In acute cor pul- 
monale ( Fig. 50, D ) the limb leads show an S wave in lead I, a Q wave 
In lead 3, S-T depression in lead I or leads 1 and 2 svith the "staircase” 
ascent. The diagnostic feature of the precordial leads is the Inversion 
of the T tvnve in lead CFo without deviation of the S-T segment, and 
there may be S-T depresrion in CFi or CF< and CFj with "stali^ 
case” ascent 

In acute diffuse pericarditis (Fig. 50, E) there is slight elevation of 
tlie S-T segment srith inverted T waves in tsvo or all three limb leads. 
The T wave inversion becomes more pronounced during the healing 
process, and the S-T segment deviation disappears. Chest leads show 
T wave inversian. The absence of QliS changes in both h'mb and 
chest leads distinguishes acute diffuse pericarditis from myocardial 
infarction. Similarly, the absence of abnormahUes in the initial ven- 
tricular deflection may serve to differentiate acute nephritis, hyper- 
thyroidism and other diseases which produce “coronaiy” T waves 
from infarction. 

HEART STRAIN 

The precordial leads are of special value in the diagnosis of heart 
strain, particularly left heart strain.' It is imperative that multiple 
cliest leads be taken since tlie diagnosis of right or left heart strain is 
often dependent on a pattern of changes in leads over the right and 
left sides of the precordium. Lead CF^ is the least useful of the chest 
loads In diagnosing these abnormalities in the presence of cardiac en- 
largement In left ventricular hypertrophy the precordial leads may 
show the diagnostic changes when the limb leads arc normal or equiv- 
ocal. In some cases with marked cardiac enlargement a lead from 
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position Co or C7 rather than C5 \vill reveal the changes of left ven- 
tricular strain. Furthermore, the chest leads may indicate left ventricu- 
lar preponderance whereas the limb leads suggest right ventricular 
preponderance, thus permitting tlie diagnosis of combined heart strairi. 
In typical left ventricular strain lead CFo shows a small R wave, an 
elevated S-T segment vdth downward bowdng and an upright T wave. 
CF5 shows a tall R wave with depression and upward boAving of the 
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Fig. 51.— Examples of left heart strain (A, B, C), and combined heart strain (D). 

(Discussed in text.) ' 

S-T segment and an inverted T wave. Lead CF4 may be normal or 
may resemble CFo or CF5, usually the latter. The precordial leads are 
of less value in the diagnosis of right ventricular preponderance than 
left t'entricular preponderance. The diagnostic pattern, which unfortu- 
nately occurs infrequently, consists of relatively tall R waves and small 
S waves in leads over the right side of the precordium and the reverse 
in leads over tlie left side. Thus, the R-S ratio decreases as the explor- 
ing electrode is moved from right to left. Inversion of the T wave in 
CFo may also be present in the tj'pical case of the right ventricular 
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strain. More frequently, the chest leads show mainly downward QHS 
compIe.xes svith small R and deep S waves. Since the latter may be 
found in CF leads in some individuals udth normal right a-xis shift, tin's 
chest lead pattern does not have diagnostic specificit)'. Occasionally it 
is necessar)' to take leads from position Ci or es'en from more lateral 
positions on tlie right anterior chest in order to demonstrate the tall R 
waves. 

In Figure 51, A, a classical six lead pattern of left heart strain is seen. 
In Figure 51, B, the limb leads show deep S waves in leads 2 and 3, a 
small Ti and a liny notched To. Tliese abnormalities are not specific, 
and although one might suspect left ventricular strain from the limb 
lead pattern this diagnosis would be equivocal. Lead CFo, however, 
gives clear exfidence of left ventricular strain. The S-T segment is de- 
pressed, bowed upward, and the T wave is inverted. The R wave is 
tall in CFj and small in CFo. Without precordial leads, or xx'ith lead 
CF 4 only, the diagnosis of left ventricular hj’pertrophy would be spec- 
ulative rather tlian defluite. 

We^ have used tlie term “concordant left ventricular strain" to de- 
scribe an electrocardiographic paltcm consish'ng of upright QHS com- 
plexes in the limb leads associated with the S-T-T changes of left heart 
strain in lead 1 or leads! and 2. Precordlal leads show classical left 
ventricular strain. It is important to recognize this variety of left heart 
strain and not to bo misled by the absence of abnormalities in the 
direction of the electrical a.xis. The precordial leads provide unmistak- 
able evidence of left ventricular strain even though “left axis dexdation" 
is not present An example of concordant left ventricular strain is 
shown in Figure 51, C. Note that the heart strain patterns as described 
above are present in both CFj and CF 5 and CF 4 is normal. Valuable 
diagnostic information would have been missed if only chest lead 
CF^ xvere recorded. 

TTie electrocardiogram shown in Figure 51, D, is an example of com- 
bined heart strain. The limb leads demonstrate riglit heart strain since 
QRS in lead 1 is inverted, the S-T segments in leads 2 and 3 are de- 
pressed and the T wave in lead 3 is imerted. The chest leads show left 
ventricular strain. Note that CF^ resembles CF^. Coarse auricular 
fibrillation is also present. The diagnosis of combined heart strain may 
be suspected when the chest leads show left heart strain and the limb 
leads right axis shift without changes in S-T-T configuration. This 
type is generally seen in younger indiWduals with rheumatic heart dis- 
ease. It has been suggested that this pattern represents left X’entricular 
strain in individuals with a vertically placed heart AVe prefer to 
consider such electrocardiograms os examples of combined heart strain 
(as shown in several necropsied cases), altliough an exact differentia- 
tion is admittedly difficult Occasionally one sees tj’plcal left heart 
strain in CF^ or CF 5 , but CF; has a rcladx'ely tall R wax'e. Such elec- 
trocardiograms may also l>e indicative of combined heart strain. 
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INTRAVENTRICULAR BLOCK 

The diagnosis of intraventricular block can be made satisfactorily 
from the hmb leads alone, since the only criteria for its diagnosis are 
a QRS interval which has a duration of 0.12 sec. or more and a normal 
P-R interval. The earliest use of precordial leads concerned attempts to 
localize the block more accurately (to the right or left bundle 
branches). The absolute validity of this electrocardiographic diEeren- 
dation is stiU subject to some difference of opinion among electro- 
cardiographers. Pathologic and physiologic studies from several labora- 
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Fig. 52.— Examples of intraventricular blocL (Discussed In text) 

tories indicate that although in the majority of cases it is possible to 
correlate lesions in the bundle branches or delay in activation of one 
ventricle Avith a specific type of electrocardiographic abnormality, it is 
not always possible to do so. In order to avoid a terminologj' which 
implies greater precision than is justified by the evidence, we use 
purely descriptive expressions based on electrocardiographic patterns. 
Hence, we recognize intraventricular block of the common type 
(which usualljr corresponds to block of the left bundle branch sys- 
tem), intraventricular block of the S and uncommon types (which 
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usually correspond to block of the right bundle branch system) and 
intraventricular block of the indetemunate type. 

An example of tjpica] intraventricular blori: of the common typo is 
shown in Figure 52, A. The QHS duration is 0.20 sec. There is no S 
wave in lead 1. Tlie QRS deflections are oppositely directed in leads 
1 and 3, and the S-T segments and T waves in the limb leads arc 
deviated in directions opposite to the initial ventricular deflections. In 
CFo the R wave is small, the S wave broad and deep, the S-T segment 
elevated and the T wave upright. In CF 5 the R wave is broad and 
notched, the S-T segment depressed and the T wave inverted. CF< 
resembles CFo. No Q waves are present in leads 1 or CFb. First de- 
gree auriculoventricular block (P-R 0.24 sec.) is also present in this 
example. The electrocardiogram in Figure 52, B, illustrates intraven- 
tricular block of the S type. The QRS duration is 0.13 sec., and there is 
a broad S wave in lead 1 and lead 2. In CF^ the R wave is tall, broad, 
splintered and notched, the S-T segment is depressed and the T wave 
is ^verted. Broad S waves are present in leads CF< and CF^. 

Occasionally a chest lead may demonstrate intraventricular block 
before this appears in limb leads. Tlie electrocardiogram in Figure 
52, C, was taken on the same patient as Figure 52, B, the former pre- 
ceding the latter by three years. The QRS duration is normal in all 
leads except CFn where It measures 0.13 sec. In addition QRS in CF 2 
is splintered, resembling the changes in intraventricular block of the S 
type. We have referred to this type of intraventricular block as 'focal”” 
since it is detected in only one precordlal position, and it may be In- 
ferred that the Intrastentricular block is limited to that region of the 
heart subjacent to the electrode at position C^. Limb leads alone ob- 
viously would not have demonstrated this early phase of intraven- 
tricular block. 

It is usually difllcult or Impossible to diagnose anterior wall infarc- 
tion in the presence of intraventricular block of the common type. 
Occasionally, hosvever, precordial leads udll indicate anterior wall in- 
farction even with concomitant intraventricular block. The electro- 
cardiogram shoum in Figure 53, A, was obtained on a 63 year old male 
two days after a clinical episode suggesting myocardial infarction. In- 
traventricular block of the common type is present but there Is no 
evidence of recent infarction. Figure 53, B, taken one week later, dem- 
onstrates tlie changes of recent anterior infarction in the chest leads. 
The S-T segment in lead CFj has become derated, and In CF; it has 
become more elesated. The T ivaves are now inverted in these leads, 
with the characteristio contour of tlie “coronary” T wave. The S-T seg- 
ment in lead 3 has become depressed. Figure 53, C, was taken five 
weeks later. The S-T segments in CF; and CF 4 are less elevated, and 
the T waves have become deei>er. Tj is deeper, and T 3 taller. These 
changes are indicative of the healing stage of an anterior Wall Infarct. 
The dectrocardlogmm in Figure 63, V, was taken four, years after the^i 



210 


L. N. KATZ, M. DOLGIN, B. LANGENDOBF 


infarct occurred. There is almost complete restitution. Intraventricular 
block is the principal abnormality seen, without any changes diag- 
nostic of recent or remote infarction. 

The diagnosis of anterior wall infarction in the presence of intra- 
ventricular block of the S or uncommon type is ordinarily not difficult. 
The electrocardiogram in Figmre 53, E, shows a QKS duration of 0.14 
sec. with broad S waves in leads 1 and 2. The S-T segment in lead 1 
is elevated. In addition Tj and To are inverted and deep Q waves are 
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( Discussed in te.'d. ) 

found in CFo and CF 4 witli elevated S-T segments and deeply in- 
verted T waves. The latter changes point to anterior wall infarction. 
The changes in the chest leads may persist as tlie only evidence of 
remote infarction as shovm in the electrocardiogram in Figure 53, F, 
(deep Q' waves in CFo and CF 4 and inverted T wave in CF 4 ), taken 
seven years after tire electrocardiogram in Figure 53, E. 

The diagnosis of anomalous atrioventricular conduction or Wolff- 
Parldnson-^’\Tlite syndrome is based on the findings of short P-R and 
prolonged QRS inten^als. Characteristically there is slurring of the up- 
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strokeof the R wave at its junction with the P-Q segment. Occasionally 
this is more readily demonstrable in chest leads than in hmb leads. 

Tlte advantages of precordlal over limb leads in the diagnosis of in- 
traventricular block are, in general, not as great as in myocardial 
Infarction or heart strain, unless one accepts and utilizes the concept 
that accurate localization of the block con be determined from pre- 
cordial leads. 

>ONSPEanC ABNOnJIAUTIES IN CHEST LEADS WITH NORMAL 
UMD LEADS 

Not Infrequently precordial leads will show abnoimaliUes of non- 
specific nature when the limb leads are normal. Figure 47, D, is such 
an example. The electrocardiogram was taken on a patient in con- 
gestive heart failure. Tlie limb leads are within normal Umits, but the 
chest leads are abnonnal because of tlio small R wave in CFa and the 
small inverted T wave in CFo and diphasic T wave in CFj. Although 
a definitive electrocardiograpbie diagnosis cannot be made, the tracing 
is definitely abnormaL One must be cautious in deriving clinical im- 
plications from such electrocardiograms. It is necessary to point out 
that an abnormal electrocardiogram does not necessarily mean a clini- 
cally significant abnormal heart. This is particularly true when the 
electrocardiographic changes are relatively minor and nonspeefflo. 
Clinical studies must determine the significance of these changes. Nev- 
ertheless, the precordial leads are very useful In confirming die exist- 
ence of cardiac disease in tlie absence of abnormal deviations in 
standard limb leads. 

SUAUMRY 

It has been the purpose of this presentation to outfine the diagnostic 
advantages of precordlal lends over the standard limb leads. Precordial 
leads are not substitutes for limb leads, but are to be used in conjunc- 
tion with them. It was repeatedly emphasized that only by employing 
multiple chest leads does one utilize maximally the specific advantages 
of chest leads. The practice of taking only one precordial lead is to be 
condenmed because not only sWU abnormalities go imrecognized, but 
the physician Is liable to a sense of false security if the single chest 
lend is normal. We recommend the routine use of three chest leads in 
all cases. We ourselves use CF 2 , CF^ and CFu. 

The advantages of precordial leads may be summarized as follows; 

1. Myocardial Infarction 

A. Precordlal lends may show characteristic patterns of myo- 
cardial infarction when the limb leads are normal or equiv- 
ocal. This is particularly true in anterior wall infarction. 

B. Precordial lends help to locnhze infmets more accurately 
than hmb leads alone and may indicate tlie extent of the 
infarct. 
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C. Precordial leads may differentiate cardiac infarction from 
heart strain. 

D. Precordial leads are useful in differentiating cardiac infarc- 
tion from acute diffuse pericarditis and acute cor pulmonale. 

E. Precordial leads may demonstrate anterior wall infarction 
in the presence of intraventricular block of the common 
type. In cases of the S or uncommon types of intraventricu- 
lar block, the precordial leads may show the diagnostic 
changes of healed infarction long after the Kmb lead ab- 
normalities have disappeared. 

2 . Heart Strain 

A. Precordial leads may show characteristic patterns when the 
hmb leads are normal or equivocal. This is particularly true 
in left heart strain. 

B. Precordial leads facihtate the diagnosis of combined heart 
strain. 

C. Precordial leads may show left heart strain even when the 
direction of the electrical axis in the hmb leads is normal. 

3. Intraventricular Block 

A. Precordial leads may deteet early intraventricular block be- 
fore the limb leads show any prolongation of the QKS in- 
terval. 

B. Precordial leads help to locahze the block in the right or left 
bundle branch system in the majority of cases. 

C. Precordial leads, may, on occasion, be more diagnostic of 
the Wolff-Parkinson-White syndrome than limb leads. 

4. Precordial leads may detect nonspecific abnormalities when the 

limb leads are normal. 
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RECURRjENT ESOPIIAGEAL IIUTUS HERNIA 
N. C. GuJirarr, M.D., F.A.C.P.* 


The symptomntology of recurrent esophngeal hiatus hernia may pre- 
sent litllo or nothing whicli can bo said to he cliaractcrisHc clinically, 
in tlio history or in the phj’sical findings. It Is possible that in some 
cases a clue may ho afforded when ono learns that the symptoms occur 
lu die recumbent position or under conditions which may increase 
intm-abdominnl pressure. Occasionally there may be no symptoms 
whatever, and dio condition may be discovered quite Incidentally. 
IVhon sj’mptoms do occur, tliey are often die symptoms of some other 
upper abdominal condition, or Uio presence of a hernia may produce 
symptoms of heart or lung involvement. Hiatus hernia is a mas- 
querader, nidiough not dm versatile masquerader which some other 
condiHon miglit be, as malaria, for example. Tlio disguise is usually 
more easily penetrated. 

ILt.USTIlATmE CASE IIISTOIUES 

Bccaaso of die tendency of hiatus hernia to appear under the guise 
of some other abdominal or heart condlUon, or to play a part in the 
sj'mptomatologj' of conditions above the diaphragm, it may Ire wordi 
while to present short abstracts of ses'cml case histories ilhistmdng a 
few of the varied aspects of die symptomntolog}’, 

Pnra-cBO|ilingciiI Ilcrnln 

Case I.-Thts patient, a M year okl hoiinnvire, represents tho typical case of 
hiatus licmln A fow niontlis beforo coming to tho oOlce ilie Imd been in bed for 
over D month svith sviint nnis dtognosed ns “licart trouble.” At tho time of examina- 
tion iho complained of pntn ot tho left of tho xiphoid svldch iho doactlbed ns being 
“iilo n tootlmclic," appearing nndor certain condlllons. Tlio pain radiated to the 
bad, at tho loft of tho spine, fust abovo tJio level of tlio diaphragm. Tills palp 
enmo on ol night nbout two hours after rotirfng, and was rcllos-ed by getting up 
or by assuming a semlrccnmbcnt position, Tho pain also enmo on when the pallont 
carried heavy nrllolos, sncii ns bogs of groceries Tho pain svas folt, too, upon 
stooping. TIic patient was nnabfo to wear a fight gfrdio bocauso of tho discomfort 
On xomo occasions thoro had been typical anginal pain, radiating to tho ihonldcr 
and to tho loft clliow. 

Hio electrocardiogram sens normnl In every svny. On x-ray tlio heart ihosvcd a 
modemto liypsnlrophy, with n cnidlothoracto ratio of 52 per cent. Tills cnhrgo- 
nicnt svas neermnted for by tho elcvallon of both leaves of tlio dlapligram and svns 
thnuglit to Ixi due to obesity. Tlicre svas no ijatollc expomlon, Iloenigcn oxnminn- 
lion of tlio gnslrolntcslhml tract iliosscd n Large para-esophageal hernia nbout the 
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size of a small grapefruit, wtli some regurgitation of the barium up into the upper 
esophagus. The esophagus was tortuous and redundant, and lay posteriorly to the 
herniated portion of the stomach, above the diaphragm. 

The patient was placed upon a diet and, after an initial loss of 15 pounds of 
weight, \vith the help of antispasmodic drugs she has remained comfortable, wtlioul 
any attacks, except for a few occasions when the pain has come on while lying 
down. 

Traction Tj'pe of Hiatus Hernia 

Case II.— This 61 year old housewife was in good health until September, 
1945. At this time she began to have severe epigastric pain, coming on in attacks 
lasting a few and often several hours. There was some pain under the right costal 
margin on these occasions, but they were of no moment compared with the epi- 
gastric pain. This pain did not radiate as a rule, but on two occasions it radiated 
to a point beneatli the left scapula. It appeared most frequently at one or two 
o’clock in the morning, awakening the patient from a sound sleep. It was relieved 
in part by alkalies, but not by food, and at times was so severe that opiates were 
given. On two occasions there was emesis of bright red blood, at one time as much 
as a cupful. The stools were tarry during and after the episodes. Evidently more 
blood was lost tlian was directly accoimted for, as the red blood count was 
2,700,000 and die hemoglobin 8.6 gm. There was a loss of 15 pounds of weight 
over a few weeks. Aside from the attacks, the patient complained of weakness 
and dizziness, due probably to the anemia. An ulcer or early malignancy was 
suspected because of the bloody emesis. 

Physical examination revealed a woman apparendy in fair health except for 
loss of weight and a moderate anemia. 'There was no tenderness of the abdomen 
on examinadon; however, definite tenderness was elicited over die gallbladder when 
the examinadon was made in the “drooping posidon.” 

Roentgen examinadon showed a normal stomach and duodenum, but a hiatus 
hernia was visualized. Gallstones were reported as probable. A second roentgen 
e.xaminaton, after an acute attack was well over, again showed a normal stomacli 
and duodenum. The roentgenological department did not report a hiatus hernia 
at this time, but did report a “dilated ampuUa." Such a dilated ampulla probably 
represents a pulling up of the abdominal portion of the esophagus by a shortening 
of tile longitudinal fibers. Visualization showed the gallbladder packed full of small 
stones. 

A cholecystectomy was performed by Dr. S. W. McArthur in May 1946, and 
there have been no attacks of any kind, or discomfort to date. Physical, roentgen 
and routine laboratory examinations are normal. 

Many years ago, von Bergmann was of the opinion that the epigas- 
tn’c pain in gallbladder attacks was due to a reflex shortening of the 
esophagus, pulling the stomach up through the hiatal opening. The 
findings on tliis patient supported our experimental work on dogs 
showing a reflex shortening of the esophagus as a result of stimulus 
from the gallbladder or 'stomach. 

Case in.— This patient is a business executive subject to a great deal of 
periodic business strain. Until the age of 15 he suffered severe attacks of asthma. 
These disappeared when his parents removed to an adjacent mountainous region. 
He had had no gastric symptoms imtil the last few years, when he began to e-xperi- 
ence considerable epigastric distress coincident xvith increased business worries. 
This xvas never incapacitating, and the only time lost was due to diagnostic pro- 
cedures when duodenal ulcer was suspected. No ewdence of a gastric or duodenal 
lesion was ever demonstrated. 
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His prefent complaint is jaln in the epigastrium, 9omlng on about two hours 
after meals, not relieved by food or by soda On going to bed at night he is 
awalened shortly after going to sleep by a burning poln u^er the sternum, extend- 
ing up^va^d to the upper third. Phx’slcal cxamlnadon Is negativ'e, except for some 
slight tenderness In both krwer quadrants 

Because duodenal ulcer was again suspected, ho was referred to the hospital 
for a roentgen study. This repealed n perfectly normal stomach and duodenum, 
but a spastic colon, with diverticula- However, It did show an esophageal hiatus 
hernia about the size of a lemon. 

RoutiDe blood examinations were normal Fasting blood sugar was normal, as 
wns the blood sugar after a strenuoos day's work. 

In this case, the only point suggestive of a hiatus hernia was the 
burning pain under tlie sternum with the pahent in the recumbent 
position. The sjnnptoms bear a definite relation to stram and over\vork, 
but this would be equally true if a duodenal ulcer were present. 

A congenital weakness of the hiatal tissues has been suggested by 
Akerlund^ and many others as predisjxjsing to hiatal hernia. In this 
particular case, the patients mother had such a hiatus hernia. 

Casc IV.— a similar causation was suspected in th© case of a 57 year old 
physician who Ukewlx© showed f>Tnploms of Iiiatus Iiemia when subjected to undue 
ov'erwork and fatigue This vv-as so marked at times os to force bun to sleep fa a 
somlrecumbeot position The symptoms entirely dUappenred with a regimen of 
more rest and relasatioo 

In this case a cough developed when the patient was fa the recumbent position, 
or on lifting or bending over WltJi the lack of optimism which so many phytidans 
exhibit when the symptoms Involve themselves, he considered that the cough was 
due to iralmonaiy' edema, fa spite of a very normal heart The burning sensation 
under the itemum, associated with the cougli fa the recumbent position, was 
giwa no weight by the patient Hoentg<m examination confirmed the diagnosis 
of hiatus hernia. 

PuUion Type of Hernielion of the Stomach 

Case V.—A telegraph operator, aged 52, entered the hospital because of 
d>'ipnea and attacks of tacdiycardia on exertion He stated that he felt very nervous 
and Jittery, but that this was nothing new, that he had ahvoyi been nervous and 
appr^enriv'C He complained olso of Increased persplrotlon, which he de5<a1bed 
as "nervous sweats " hUld exertion brought on a verj' rapid heart action, with 
fafalness and weakness, and he stated that he had lost consciousness after exertion 
on a few occasions. The appotlle was good, there was no abdominal pain, pyrosis 
or flatulence, although he had exi>erieDced some nausea and vomiting with the 
"nervous spells " Th^ was no loss of weight 

Physical examination revealed an apparently normal individual A slight prop- 
tosls was recorded, but this was apparently beiause the hlstor>’ suggested It, The 
lungs appeared normal, the heart was normal on examination, with a normal mech- 
anism, and a pubo rale of 84 Blood pressure was 148/100 The electrocardiogram 
was normal, except for an inverted Qa The basal metabolic rale wtis mtaus 10 
A two-meter chest plate showed a normal heart, but there was a shadow lying on 
the diaphragm, extending to the right of the heart A barium meal revealed tills 
shadow as the proximal half of the stomach, lying flat on tho diaphra^. There 
was a very redundant esophagus. 

The previous history w-as not significant except for a severe attack of Influenza 
In 1937, foUovved by a severe cough which lasted for many weeks. The present 
complaints began at that time. 
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On medical treatment, the patient returned to work and when last heard 
from, about sk montlis after leaving the hospital, he had apparently made a satis- 
factory recovery. 

It is safe to assume that the repeated episodes of severe coughing in 
this case weakened and stretched the hiatal tissues, \vith the resulting 
hiatus hernia. 

The cough which accompanies hiatus hernia is rather characteristic. 
It obviously does not come from the nasal pharynx or bronchi, and is 
a short, dry, irritative cough. It is highly probable that this is another 
example of the “customer being right,” when he teUs us that he has 
a “stomach cough.” 

Case VI.— An 84 year old woman entered the hospital because of what she 
termed “fainting attadcs.” On only slight exertion she became very faint, and vms 
.sure that she would faint if she did not immediately lie down. On several occasions 
she actually lost consciousness, and on the morning of entrance she fainted upon 
walking across the room. About three months prior to her entrance she began to 
be troubled fay shortness of breath. This became progressively worse until she 
reached the point where she could not walk at all without dyspnea. 

For several years the patient had had pain in the right upper quadrant There 
had been acute attacks and, between these attacks, a dull ache. The attacks had 
been diagnosed on several occasions as cholelithiasis. She had had attacks of 
emesis coming on suddenly and svithout effort The vomited material was bile 
stained. There was a loss of weight during the year before entrance— just how 
much, she did not know, but she said that her clotiies had "hung loose” on her. 

Physical examination revealed a rather obese woman, but one who had obvi- 
f)usl>' lost some weight. There was evidence of a marked anemia. The patient 
seemed alert and active, svithin the imposed limits. She was planning a trip by 
air to visit a son as soon as “we got her well” Physical examination was negative 
except for tenderness over the gallbladder region and epigastrium. A questionable 
miss was described in the epigastrium. 

The red blood count was 2,550,000 and the hemoglobin 5 gm.; reticulocytes 4. 
Sedimentation rate was 26 mm. Stools were tarry. 

A preliminary diagnosis of carcinoma of the stomach was offered. 

A roentgen examination showed the esophagus to be long and not dilated, 
witli a portion of the stomach about the size of a large orange posteriorly and to 
the left of the midline. There ii.is definite narrowing of the esophageal opening 
where the stomach passed tbrouch the hiatal orifice. The rugae were prominent, 
and the roentgenologist was of the opinion tliat he could see exddence of ulceration 
in the incarcerattxl portion. 

"nie patient was plr.c.’f' upon medical management and did x'erj' well. The 
blood co^t returned to a low normal and she xxms able to take the proposed trip 
comfortably. 

In tills case we Ine f anuthei example of tlie'pulsion tj^pe of hernia- 
tion of tile stomach tin ouch the hiatal opening, due to increased intra- 
abdominal pres.surc. 

Paraveriehral Hernia Througli tlie Hiatal Opening 

VII.— A 56 y^r old housewife entered the hospital because of choking and 
^mitmg episodes which she had experienced for the three years before entrance. 

ere xvas some weakness, shortness of breath and nervousness. She stated that 
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wiiUo eating iho would begin to choke on her food and experience a sense of 
constriction in the neck. At times the felt os though her food remained In her 
throat and would not go down. Dr^' foods or cold liquids gave especial difficulty. 
The appetite remained good, and after emesis the patient felt normal and would 
resume the meaL These episodes were alwajs more frequent jind were wone 
when eating In public or in the homes of friend. While the symptoms were wone 
away from Home, she still had dioking sensations at home, with occasional emesis. 
After the emesis, there were no symptoms 

The condition had been diagnosed os of nervous origin, and she \vas told that 
nothing could be done about It, although because of the “nervcKisness* several 
metabolism tests were made. Her weight remained constant. 

Physical examination rc\’ealed a norma! appearing woman except for a mod- 
erate obesity. Thoradc organs were normal The abdomen was protuberant, with 
firm abdominal W'alls. No mosses were palpable. There nvos some tenderness In 
the right upper quadrant, for which no cause was found. 

Blood showed red cells 3,640,000, hemoglobin 10.4 gm., and Iculcocyies 0,760. 
Roentgen examination was made b^use of suspected esophageal disease, es- 
pecUDy cardiospasm. What ft did re\*eaJ wtxs an esophogus dilated and displaced 
to the rljdit, ^v^th two diverticula There was a large paravertebral hernia, extend- 
ing throng the hiatal opening and to the left This manifested ItseK by the 
presence of a large gas bubble In the preliminary chest plate. 

The patient was placed upon a reducing, bland diet, and with this, andspos- 
roodlc drugs and the avoidance of a tight girdle, she made an excellent recovery. 
The symptoms ceased for a period of months, only to reappear with her return to 
her former too abundant diet 

In this ca5e, the patient had a full, protuberant abdomen, ^vith firm 
abdominal walls. The hernia \vas obviously of the pulsion type, due to 
an increased intra-abdominal pressure forcing tbe stomach up through 
the hiatal opening. 


Esophageal Hlaliu Hernia 

Case VIIL—Tho patient, a 50 year old voice Instnictor, gave a history that 
showed nothing of importance prior to fifteen yean ago. Then began episodes of 
what were diagnosed as anginal pain, not so much consequent upon effort ns during 
emotional crises, or when success or failure depended upon a very slender thread, 
or during moments of financial stress, or when, on one occasion, ho was inadver- 
tently placed In iail for the night, not because of any wTongdoing on his part Twice 
coronary thrombosis was diagnosed, and on one occasion be underwent prolonged 
treatment with bed rest On a third occasion, atropine wai suggested to the local 
physician, and there was Immediate icUef. 

Repeated roentgen examination showed an esophageal hiatus hernia at times, 
and at times no hernia. On one examination a duodenal ulcer was shown, but 
this was not seen on a subsequent examination. 


It is possible here that decreased lutrathoradc pressure during sing- 
ingjnay have had some bearing upon the incidence of the hernia. The 
detote relation to emotional crises, however, suggests a shortening of 
the esophagus during these episodes, and a hernia of the stomach 
through the hiatal orifice, due to traction from above by the shortened 
esophagus. When relieved from worry and emotional stress, this pa- 
tient is completely free from attadcs. 



218 


N. a Cn.BKBT 


Para>e8ophageal Hernia Associated >vith Paroxysmal 
Anricular Fibrillation 

Case IX.— A 52 year old railway switchman entered the hospital in May foi 
confirmation of the diagnosis of a compete and total disability. He had been per- 
fectly well until the previous October. At that time, while at \VDrk in the railway 
yard, he stooped to turn over a switch by means of a lever equipped with a heavy 
iron weight at the end. As he lifted the weight, he became very weak and faint, 
and returned to the tower with difficulty, stopping to support himself on the cars, 
which, fortunately, were stationary. He was carried home and the doctor who was 
called diagnosed a coronary occlusion and advised that he apply for a pension 
because of complete and permanent disability. 

In May be was first' examined after he had walked into the office from the 
train. At that time the heart had a normal mechanism. The next morning when he 
vms examined while in bed in the hospital, the auricles were fibrillating and he 
appeared rmcomfortable. About an hour later, when up and about, he again felt 
normal, and the heart showed a normal mechanism. 

Physical examination revealed a healthy, normal appearing, muscular man, with 
a rather full abdomen and firm abdominal walls. All laboratory examinations were 
normal, except for the roentgen examination of the gastrointestinal tract. This re- 
vealed a para-esophageal hernia about the size of a lemon. 

The patient was placed upon a bland reducing diet, with antispasmodics. He 
has resumed his former occupation and has remained symptom-free over a period 
of five years. 

■We have seen three other cases in which paroxysmal auricular fibril- 
lation was associated \vith hiatus hernia, and we feel justified in 
assuming that the herniation produced suflicient stimulation of the 
vagus to initiate the fibrillation. 

These short abstracts from case histories indicate only in part the 
various guises under which recurrent hiatus hernia may appear. Many 
more such abstracts would be required to give a really adequate pic- 
tirre, even though they would be simply variations and combinations 
of '.the findings set out in these few histories. 

' ' Cases of congenital short esophagus or of thoracic stomach have not 
been cited. They are not at all frequent compared to the incidence of 
the recurrent acquired type and tiie clinical significance is of much 
less importance. 

ETIOLOGY 

The main etiological features of hiatys hernia are fairly well illus- 
trated in the accompanying case histories. This type of hernia rarely 
occurs before the fourth decade, usually coming on in later life, as 
illustrated here. The average age is from 54 to 57. This is easily under- 
stood when one considers the importance of senile degenerative 
changes resulting in loss of elasticity and insufficiency of the hiatal 
tissues. Schatzke, quoted by Hurst,® by using greater than normal 
intra-abdominal pressure was able to demonstrate herniation in 70 per 
«ient of patients over 60. Abnormal stress, such as would occur in fre- 
quent episodes of coughing, could also be assumed to stretch and tear 
the tissues of the hiatal orifice. The increased intra-abdominal pressure 
of retching or vomiting would do the same thing. 
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Increased intra-abdominal pressure from any cause is one of the 
most frequent factors Inducing changes in the adequacy of the hiatal 
orifice, and in causing the herniation to recur when once the hiatal 
ring has become insrifficient. Obesity, especially when present with 
firm abdominal walls, is one of the most frequent causes. Large tumors, 
or ascites, are less frequent causes. Rigler and Eneboe* found that 18 
per cent of 195 pregnant women showed an esophageal hiatus hernia. 
Three of ten of these patients, when examined after dehvery, still 
showed such herniation. 

The association of hiatus hernia with other upper abdominrd con- 
ditions. such as cholelithiasis, has been commented upon by many 
authors, although little has b^ said in regard to any causal connec- 
tion. Weintraub and Tuggle,* in a review of duodenal diverticula, 
found hiatus hernia present in 9 per cent of such diverticula, as against 
2.4 per cent in 4400 control cases. They did not directly comment 
upon the possibility that the diverticula rnight have had some influence 
in the increased incidence of hernia in such patients. In a personal 
series of forty-eight cases completely explored roentgenologlcally, 
twenty-two showed some concomitant upper abdominal condition, and 
five, diverticula of the esophagus. 

Many years ago von Bergmann” suggested that a viscero-visceral 
reflex, initiated by some source of upper abdominal stimulation, as the 
piUbladder, might cause a tonic shortening of the esophagus, and pull 
the cardiac end of the stomach up through the hiatal orifice. He 
quoted experiments by Kuckuck, in which faradic stimulation of the 
vagus in the neck of the rabbit shortened the esophagus and even 
pulled the stomach up above the diaphragm. We repeated the experi- 
ment on the rabbit and on the dog" with similar results, except that, 
with the chest closed, we were unable to pull the stomach up through 
the hiatal ring. Later, with the same electrical stimulation but with the 
chest open, we were able to show that the traction of shortened 
esophagus will pull the stomach up above the diaphragm.’ In addition, 
wo were able to induce a reflex shortening of the esophagus which 
duplicated the results of electrical stimulation of the vagus, by merely 
handling the leaves of the liver, or by dilating the gallbladder, or by 
dilating the cystic duct, or by stretching the walls of the stomach. 
Clinically, sudi a reflex is probable in one case in which the hiatus 
hernia has not rectured since o cholecystectomy, the patient being 
completely well in every way. 

The effect of fatigue and nervousness or emotional factors was men- 
tioned by Hurst’ I personally am comdnced that purely nervous influ- 
ences, quite aside from viscero-visceral reflexes, can be the determin- 
ing factor in a type of hernia caused by traction from above throu^ 
an esophagus shortened by such influences. Good examples ore of- 
forded by Coses IH and VlLl, also by the physician who had symptoms 
only when chronically fatigued. 
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SYBIPTOMS 

The symptoms are legion, and for the most part, are not specific. In 
an occasional case there may be no symptoms. Epigastric distress 
after meals is frequent but, of course, this is sfeen in many other con- 
ditions. In hiatus hernia, tlie distress or pain, when it occurs, may be 
projeeted through to the back, between the scapulae, or to the left of 
the spine, or imder the left scapula. The distress may also be referred 
to the left of the epigastrium rmder the left costal margin. There may 
be a sense of pressure beneath the xiphoid, or a burning sense of full- 
ness extending upward beneath the sternum. This latter may be fol- 
lowed by what the patient refers to as a “burning, acid” eructation, 
often accompanied by gas. There may be regurgitation of food, or 
emesis. AH these symptoms are suggestive, but not absolutely diag- 
nostic. 

Symptoms of a reflex nature occtur, such as cardiospasm, or tachy- 
cardia, or episodes of paroxysmal auricular fibrillation, or anginoid or 
actual anginal pain. T he anginal pain is a true angina, d ue to reflex 
vasoconstriction of the coronary arteries. A reflex vasoconstriction of the 
coronary arteries, resulting in a marked decrease in coronary flow, was 
shown by von Bergmann and his associates’ when the esophagus or 
the stomach at the hiatal orifice was dilated by means of a balloon. 
This effect was obviated by vagal section or atropine. We repeated this 
work with identical results,® 

Hiatus hernia may not only produce anginal pain, but may simulate 
a coronary occlusion. Such a case was reported by Reid.® Several of 
our patients \vith hiatus hernia, giving a hikory of having been treated 
for supposed cardiac infarction, showed no electrocardiographic evi- 
dence of such an infarction. Nor was there evidence of systolic expan- 
sion or postinfarction rigidity on roentgen examination. 

DIAGNOSIS 

A few points may help to differentiate the s)Tnptoms of hiatus hernia 
from other conditions. The pain may occur soon after retiring, or after 
about two hours’ sleep, appearing sooner than ulcer pain. The symp- 
toms may appear only in the recumbent position, and be relieved by 
standing erect. Anything which increases intra-abdominal pressure, as 
bending over, Hfting, sneezing or coughing, or retching, may bring on 
an attack. The patient may not be able to bend over a desk to 
work, as in drafting. In the case reported by Hurst® the patient had 
to use a high desk, or stand at an old-fashioned bookkeeping desk. 
Relief may be experienced when intra-abdominal pressure is reduced, 
as by belcliing or passing flatus, or following an enema. Aerophagy, or 
the distention of the stomach by aerated waters, may reh'eve the symp- 
toms when the distention of the stomach reduces the hernia by pulling 
it down out of the hiatal orifice. 
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Secondary anemia may be a symptom and considerable hemorrhage 
may result either from a small hernia acutely produced, as in Case U, 
or from a large, incarcerated hernia with ulceration, as in Case \n. 

Hiatus hernia should be suspected in every case with a history of 
anginal pain or paroxysmal auricular fibrillation, especially if there is 
any reference to posture as n precipitating factor. Every case of angina 
pectoris should be investigated roentgenologically if the patient’s con- 
dition permits. This apphes also to cases of secondary anemia, where 
there is no other obvious cause, and regardless of the absence of 
specific symptoms. Hiatus hernia should he suspected in cases of cor- 
onary thrombosis, but of course never to the point of x-fay investiga- 
tion or interference with the treatment of cardiac infarction until the 
patient’s condition warrants such an Investigah’on. 

A great many patients complaining of symptoms of angina pectoris 
are relieved by treatment for hiatus hernia after the latter is diagnosed. 

’The diagnostic criteria, such as they are, cannot of course afford 
much more than a presumptive dlagnods. The history is of great help. 
Dr. John B. Murphy used to say, “Listen to the patient’s story. He is 
telling you the diagnoslsl" Of course, you must be sure that the pa- 
tient’s story does not lead you astray. 

Careful roentgen examination by a roentgenologist who is aware 
that such hernias are frequent, is a necessity always. As has been said 
above, the hernia may show at one time and not at another. It should 
always bo looked for in the Trendelenburg position as well as In the 
upri^t position, and after the administration of barium in that posi- 
tion. The hernia may fill and show when it is filled from below, when 
it did not shosv as the barium was swallowed in the erect position, or 
vloe versa. A full, deep inspiration in the recumbent position may 
demonstrate the hernia, when Intrathoradc pressure is decreased. Also, 
when there is strong presumptive evidence that such a hernia exists, 
a single x-ray examination Is not enough. 

TTiere is some question as to the significance of a so-called dilated 
esophageal ampulla. This probably Is essentially a hiatus hernia and 
represents a pidUng up of the abdominal portion of the esophagus by 
a shortening of the longitudinal fiber. 

'TREATJIENT 

In the case of a greatly enlarged hiatal orifice, it is not to be sup- 
posed that any medical treatment will give complete relief at all times, 
under all conditions. In spite of this, medical treatment is usually all 
that is Indicated. In those with a pulsion type of hernia due to in- 
creased intra-abdominal pressure, a reduction in weight is the primary 
Indication. In those in whom there is reason to assume that n viscero- 
lisceral reflex results in a. shortening of the esophagus, siugical re- 
moval of an offending gallbladder svlll usually give excellent results. 
’The same applies to treatment of a duodenal ulcer. 
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The patient should be placed upon a bland diet. Small and frequent 
feedings may be of advantage in some instances. The diet shoxild not 
produce gas. The patient should eat sitting erect and should not lie 
down immediately after meals. It should not be necessary to state 
that he should sit down quietly to his meals, should eat slowly, and 
should rest before and after meals. Atropine or belladonna, or some 
drug with an atropine-like action, should be taken regularly before or 
after meals. Such drugs are best combined with phenobarbital in small 
doses. There may be an occasional patient who may have to sleep in 
a semirecumbent position, but this rarely is necessary after a weight 
loss has been established. 

Occasionally interruption of the left phrenic nerve may be of assist- 
ance. There will be occasional cases in which surgery is indicated. 
Harrington has had very good results from surgery in selected cases. 
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CUNICAL PROBLEMS OF AGEING AND OF THE AGED 


Jacob Meter, M.D.* 

It is the purpose of this lecture to acquaint the physician with Im- 
portant clinical problems of the aged; however, the clinical problems 
of the aged will be best understood when more of the fimdamental 
problems of ageing are knorvn and properly evaluated. There are rela- 
tively fesv studies on the physiology of the aged. It Is a most dlfBcult 
problem to separate the functional changes due to age from those due 
to disease processes. The physiological and the physical changes in 
the aged will probably be best understood when more facts on basic 
physiology and pathology of the aged are available. But it is not only 
the naturd sciences which we must study but abo the social sciences, 
for a knowledge of these sciences will help us solve the problems of 
the ageing individual in the society In which he lives. 

The common complaints of the aged which we wish to discuss are: 
fatigue, dizziness, high blood pressure, heart trouble and sleeplessness. 
I list these as the more common complaints. There are many others 
which are (ust os common, but It is my belief that those listed above 
are complaints which are the most important in the patient’s opinion 
and will Invariably cause the patient to seek the advice of the 
physician. 

FATIGUE 

The aged complain of fatigue or exhaustion on slight effort 'Fa- 
tigue'’ should not be confused with dyspnea associate with cardiac 
failure. (In such Instances evidence of cardiac failure will be evident) 
Among the aged complaining of fatigue there are no physical signs 
other than those we generally find ns a result of ageing. The physician 
is often at a loss to offer any explanation for the fatigue other than the 
fact that the patient Is old in years. Most of the older patients resent 
this explanation, especially if they have been given this explanation 
as the cause for other complaints. While emotional tension, anxiety, 
frustration and the like are offered ns an explanation of fatigue, I 
question whether this explanation is valid for the majority of the older 
people, and particularly for those who are well adjusted and are secure 
in their life, and for those who have lost the ne^ for the emotional 
drive (which is so often considered the cause of fatigue in the younger 
years). My own Impression is that the fatigue of the aged may be as- 
sociated with a lessened oxygen consumption. It is well knosvn that the 
basal metabolic rate of the aged Is low. It would be of interest to study 
the oxygen consumpb'on of the aged and determine what factors make 
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for a lessened oxygen constunpdon. Also it would be desirable to study 
whether the so-called “fatigue products” accumulate in the blood or 
tissues and are present to a greater degree in the aged than in the 
young. 

Patients seeking rehef from fatigue, advise their physicians that they 
have already tried “vitamins” ( though they have shown no evidence of 
vitamin deficiency), and were “improved” for a time but are “stUl fa- 
tigued.” The diet has been “adequate.” The aged ask for a “tonic,” 
“hver pills,” whiskey, “vitamins.” It should be emphasized that all 
these medicaments may have a valuable psychological effect, and it 
is advisable to administer such medicaments to the patients. It is best 
to make a complete physical examination and laboratory study of ^the 
urine and blood, and where indicated, x-ray studies, to rule out any 
organic disease. 

The ol,der clinicians often prescribed the elixir ferri quininae et 
strychinae sulfate, or the ehxir gentian glycerinated, and these may 
still be advised. Amphetamine sulfate, 10 mg., given early in the morn- 
ing or twice a day has been effective in many instances, but it is wise 
not to give this drug late in the evening for the patient may be so 
stimulated that sleep wiU be disturbed. 

Thyroid extract may be of value and is suggested because of the 
low metabohc rate in the aged. In the past I have not hesitated to use 
thyroid extract, and my associates and I prescribed as much as 1 gm. 
(15 grains) daily in our studies on absorption of the gastrointestinal 
tract in the aged and found no ill effects. Recently, a patient of 72 
developed an acute coronary thrombosis, following the use of thyroid 
extract, 0.065 gm. (1 grain) three times daily for ten days. It is pos- 
sible that the thyroid extract increased the metabolic rate to such a 
degree that the demand on the coronary circulation was too great and 
that a coronary insufficiency was precipitated and followed by cor- 
onary thrombosis. Caution is therefore advised , in the use of thyroid 
extract in the aged. 

Prostigmine suggests itself as a possible adjunct in the treatment of 
the fatigue of the aged, but here again caution is advised. It is well to 
rule out myasthenia gravis in the aged as a cause of fatigue. When the 
diagnosis of myasthenia gravis is made, the accepted- therapy should 
be employed. 

The problem of fatigue in the aged requires fm-ther elucidation. It 
is a most important one, for if we are to advise the aged to continue 
physical “activities,” we must be aware of the amoimt of fatigue which 
these activities entail and what burdens they impose on the aged. Cer- 
tainly, if we recommend employment of the aged in industry, we must 
know more concerning the fatigability of those unemployed as well as 
employed. Finally, when we have a clearer understanding of the na- 
ture of fatigue in the aged, oiu therapeutic measures for its relief may 
become more satisfactory. 
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DIZZINESS 

This symptom is also a commoo complaint. It may occur alooe, or it 
may bo associated with such complaints as headache, nausea, vomiting 
and constipation. Cathartics or a cleansing enema may relieve this 
complaint; and because constipation as a cause is so frequent and so 
obvious it is most often overlooked. However, dizziness or nighthead- 
edness" as a symptom requires the eh'minatlon of the possibility of 
carotid sinus sjaidrome, cerebral hemorrhage, cerebral tumor, cardiac 
failure and functional disturbances as the causative factor. Dizziness 
is a most distressing symptom to the patient, particularly if it appears 
on change in posture, such as turning in b^. The patient fears a 
“stroke." Having heard of a friend or neighbor of similar age, who had 
the same complaint and who later developed a cerebral hemorrhage, 
the patient fears that a similar attack is impending and will summon 
or visit the phj’slcian. The physician may find no clianges from those 
noted on previous occasion or, if the patient is examined for the first 
time, the physician may note no particular findings other than those 
expected for the age. "Is a stroke impending?," asked the family or the 
patient. “Is the blood pressure higher?" The physician should answer 
these questions as best he can, depending on the physical state as re- 
vealed by the physical examination. It is most important also for him, 
however, to evaluate the emotional state of the patient In the majority 
of instances reassurance and sedation tvill solve the problem. 

It is wise to rule out a carotid sinus syndrome. The aged have a very 
sensitive carotid sinus. Pressure on the carotid sinus will produce 
syncopal attack. 

If the dizziness is associated with symptoms of nausea, vomiting or 
headache, it is Important to rule out brain tumor, cerebral hemorrhage, 
M^nifa-e’s syndrome, or funcHonnl disease as the causative factor. 
When these conditions come into question, it is best to hospitalize the 
patient for complete study. 


I wish to relate the' story of a patient 72 years of age, who in addition to 
dizziness complained of headadie, vomiting and weight loss. The puke rate was 
40 and the blood pressure was 180. Because of the possfbllfty of brain tumor as a 
cause of his complaints he svns hospitalized for study. In the coune of talcing his 
history two Important facts were elicited. First, the vomiting appeared only when 
the patient was agitated. The second Important observatlcm was elicited In dls- 
cUssIng his scT life. The patient was n vigorous, robust widower, a butcher by 
trade. Although seventy-two years of age, ho said ho was "as vigorous sexually 
as a young m a n .” Ho had been a wIdon*er frrr a number of yoars and lived in hh 
own home, svbich was cared for by an unmarried daughter. "Yes," he had had 
sexual Intercourse since the death of his wife but It was "against his morals," and 
he wished to marry again, birt feared to do to becanse of his urmiarrled daughter 
and the censore of his married (dilldren. “Did I think he was foolish?" Ho svns 
"rpilto certain that his family would say that ho was far his second chll^ood." 
Yet, as ho said, "he conducted a good Imsiness, and all the women svho traded 
In his shop thought svell of him." I then asked him If ho had any particular woman 
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in mind whom he wanted to marry. To this he replied "yes.” I thereupon advised 
him that I would discuss the matter with his family. He was reluctant to accept 
this offer. Nevertheless, I advised his daughters of the true nature of their father’s 
complaint. They were much surprised, but eager to cooperate. The family had a 
frank and agreeable discussion with their father and urged -that he follow my 
suggestions and be married at once. The following day the patient left the hospital 
and shortly thereafter ^vas married and became entirely free of all his symptoms 
much to the relief of his family and his doctor. 

This case history illustrates the importance of a careful analysis of 
the symptoms of which an old person may complain. It also illustrates 
the need of imderstanding the social and sexual life of the aged. There 
is unfortunately a failure on the part of many to appreciate the fact 
that the aged are normal people with normal desires. The normal aged 
are often frustrated not only by their own inhibitions but by the re- 
strictions which social customs have imposed upon them. When 
finances or the economic aspects enter into similar situations the prob- 
lem of adjustment becomes much more complex and it is then that 
the family may not be as agreeable as in the case illustrated. 

The social adjustment of the aged is indeed a complex problem and 
the physician must be aware of the social situations which precipitate 
functional syndromes. The social adjustments of the aged have been 
made more difficult by the changes which have taken place in family 
life. The family has not only become smaller in size, but youth has 
felt the need “to live their lives” apart from the aged. In many in- 
stances this is best for the young as well as the old, but there is prob- 
ably no fixed rule for the best procedure to follow and the social 
adjustment had best be made on tiie merits of the individual case. 

HIGH BLOOD PRESSURE 

The aged as well as the younger patients wish to know ‘*how high 
is the blood pressure.” This desire is a symptom not of age but of 
anxiety. The lay public as well as some of the medical pubh’c accept 
the idea that the normal blood pressure is 100 plus age. Therefore if 
a person of 70 years is advised that his pressure is 190 systolic, he is 
of the opinion ihat he is sick and may have a stroke at any time. Most 
patients are disturbed by the knowledge that their blood pressure is 
high. 

The complaints of patients who have anxiety concerning high blood 
pressure are headaches, dizziness, rapid pulse, irregularity of the heart 
beat, precordial distress, anginal syndrome, constipation and fatigue. 
These are the symptoms also of the ageing process. These are also the 
symptoms of hypertension. The patient must be thoroughly examined 
and studied before the physician makes a diagnosis. All three, 
anxiety, high blood pressme and old age, may be present in. the same 
patient and yet the patient may be a normal old person. What is the 
dominant picture at the moment? This must be determined by the 
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physician. In the absence of cardiac and renal insufficiency and nega- 
tive electrocardiographic findings, the patient may be reassured. In 
many instances some degree of renal impairment or cardiac insuffi- 
ciency may be evident The physician should exorcise caution in a 
statement of diagnosis and prognosis. As far as possible it is rvlsest 
for the physician not to discuss the height of the blood pressure with 
the patient but in some instances It cannot be avoided. The family 
of the patient should be given an adequate explanation of the nature 
of the hypertension and the degree of cardiac and renal involvement 
When anxiety dominates the picture reassurance is the best remedy. 
When a maladjustment or social situation exists, an attempt should 
be made by the physician to adjust the situation. In some instances, 
a social worker or the psychiatrist may be helpful. 

As for active treatment of hypertension in the aged, I have made 
use of no specific drugs to reduce the blood pressure. It has been my 
experience that sedations such as the eludr triple bromides or elixir 
phenobarbital are as effective as any other drugs. If hypertension is 
associated with evidence of cardiac failure, moderate dosage of 
digitalis is advisable and with improvement in cardiac status the blood 
pressure will fall. For cerebral encephalopathy associated with hyper- 
tension, venesection or the intravenous administration of hypertonic 
(50 per cent) glucose may be of value. In the absence of any evi- 
dence of complications it is best to guide the patient by simple 
measures such ns moderate activity, moderate dietary habits and 
general reassurance. 

A blood pressure of 120 systolic or lower may be present in the 
aged for many years. Arteriosclerosis is frequently associated. In such 
instances, cerebral thrombosis or coronary occlusion are not Infrequent. 
I have observed some patients at 70 years of age whose blood pres- 
sure has been 120 systolic for many years who suddenly develop 
hypertension svith systolic readings of 180 to 240. I have observed 
this pardculnrly in some of the bedridden patients who developed an 
acute pyelonephritis. I believe that this condition is often overlooked 
and Invariably I have observed that these patients developed such 
complicaUoiis as cerebral hemorrhage, uremia or cardiac failure. 

CORONARY THROMBOSIS 

Coronary thrombosis may manifest itself in the aged, with the 
typical symptoms of severe pain in the chest and the signs of cir- 
culatory collapse. Such instances are readily recognized. However, 
there are many instances in which coronary thrombosis occius svlth 
a minimal amount of symptoms— the well-known "silent coronary”— 
no pain, but circulatory failure, which may come on suddenly or 
appear gradually. If an anginal syndrome has previously been known 
to exist, the recognition of the nature of the cardiac failure is more 
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readily established. The electrocardiographic changes may reveal evi- 
dence of coronary insufiBciency or , again .the electrocardiogram may be 
equivocal. 

As in the middle aged, the coronary disease of the aged may appear 
as a gastrointestinal syndrome and be regarded as indigestion, gas- 
tritis or gallbladder disease by the physician .as well as the patient. 
In a previous lecture I have emphasized the need of differentiation 
of these conditions from coronary disease. I have also pointed out 
the association of these conditions in the same patient. It is a routine 
procedure in my practice to make a complete gastrointestinal study— 
particularly x-ray studies— of a patient with coronary disease. In a 
like manner, a complete study of the heart is made in any person with 
suspected peptic ulcer or gallbladder disease. I have also pointed 
out that the epigastralgia or anginal syndrome in the aged and middle 
aged may be due to “fimctional” gastrointestinal disease or “func- 
tional” cardiac problems. 

In the aged, the syndrome of abdominal pain, “angina abdominalis” 
may be due entirely to referred pain from coronary thrombosis or 
occlusion. It is most important for the clim'cian to differentiate 
“angina abdominalis” due to coronary disease from abdominal pain 
due to many other causes, such as acute pancreatitis, perforated peptic 
ulcer, gallstone cohc and many causes of intestinal obstruction not the 
least of which is arteriosclerosis of the mesenteric arteries. 

INSOMNU (SLEEPLESSNESS) 

The aged complain of sleeplessness. Ho\yever, the aged also com- 
plain that they fall asleep during the day at frequent intervals. This 
is a common observation. The complaint of the aged is that they do 
not sleep at night and it is because of this that most old people seek 
relief. An old patient said, “I go to bed so early in the evening and 
sleep, but I am awake at midnight and cannot sleep the rest of , the 
night. I am so fatigued the next morning that I am unable to do any- 
thing all day and therefore sleep on and off during the day. If I take 
a ‘sleeping pill’ during the night, I am depressed or ‘woozy’ the next 
day.” The statement of this patient is typical. 

The sleep requirements of the aged according to Best and Taylor 
are five to seven hours daily. It is difiBcult to estimate the actual num- 
ber of hoius which most old patients actually sleep. Most of the older 
patients state that tliey do not get five to seven hours of sleep. My ex- 
perience has been that among old patients who are occupied at 
work and are well adjusted, insomnia is not a frequent complaint. I 
am also of the opinion tliat the average aged person gets at least the 
required five hours of sleep. The complaint is, however, more com- 
mon among the aged patients who are unemployed or who live alone 
and have nothing to do all day long. It is not xmcommon among 
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women who spend their day and night m the excitement and over- 
stimulation of bridge and keno. I believe insomnia is prevalent among 
the aged who are overstimulated from any cause, whether ft be mal- 
adjustment, inseciuity or anxiety. I am advised that the aged in most 
Homes for the Aged are not troubled by insomnia because of the 
security and routinization of life. 
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Samuel J. Taub, M.D., F.A.C.P.® 

Asthma is the term used to describe a symptom complex character- 
ized by attacks of dyspnea followed by wheezing and coughing, whose 
etiology is hypersensitivity. The term “bronchial asthma” is a misnomer 
because asthma by definition is bronchial in origin. 

The Greek physician, Aretaeus, in the second century, a.d., gave 
a vivid picture of the asthmatic attack which is so descriptive that it 
bears repeating. The symptoms of its approach are heaviness of the 
chest; sluggishness to one’s accustomed work, and to every other 
exertion; difficulty of breathing in running or on a steep road; one is 
hoarse and troubled with cough, flatulence and extraordinary evacua- 
tions in the hypochondriac region; restlessness; heat at night— small 
and imperceptible; nose sharp and ready for respiration. "But if ffie 
evil gradually gets worse, the cheeks are ruddy, eyes protuberant, as 
if from strangulation; a rale during the waking state, but the evil 
much worse in sleep; voice Hquid and without resonance; a desire of 
much and of cold air; they eagerly go into the open air, since no house 
sufficeth for their respiration; they breathe standing as if desiring to 
draw in all the air which they possibly can inhale; and, in their want 
of air, they also open the mouth as i£ thus to enjoy the more of it; 
pale on the countenance, except the cheeks, which are ruddy; sweat 
about the forehead and clavicles; cough incessant and laborious; ex- 
pectoration small, thin, cold, resembling efflorescence of foam; neck 
SAveUs with the inflation of the breath; the precordia retracted; pulse 
small, dense, compressed; legs slender, and if these symptoms increase, 
they sometimes produce suffocation, after the form of epilepsy. 

“But if it takes a favorable turn, cough more protracted and rarer; 
a more copious expectoration of more fluid matters; discharges from 
the bowels plentiful and watery; secretion of urine copious, although 
unattended with sediment; voice louder; sleep sufficient; relaxation of 
the precordia; sometimes a pain comes into the back during the re- 
mission; panting rare, soft, hoarse. Thus they escape a fatal termina- 
tion. But, during the remissions, although they may walk about erect, 
they bear the traces of the affection.” 

PHYSIOLOGY OF ASTHMA 

Asthma is produced by a constriction of the bronchioles through- 
out the entire lung parenchyma either by a spasm of the fine circular 
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smooth muscle of the bronchiole or by an edema of the mucous lining 
of the bronchiole or a combination of both factors. The antigen usually 
gains access to the lung by way of the blood stream. 

The hronchlolar musculatiue is under the control of the autonomic 
nervous system of which the sympathetic or thoracolumbar division 
serves ns the dilator supply and is indeed the dominating influence 
normally over the constrictor parasympathedo or craniosacral divi- 
sion of the autonomic system. In man, one of the responses of the 
body to an andgen is the constricdon of the bronehiolar musculature 
of the lung, leading to diminished air supply to the alveoli and to a 
relatively inelastic, indistensible lung. This situation, of course, re- 
sults in a marked lowering of the vital capacity to the "dyspcnic 
point” and the patient is in much the same distress ns a cardiac. 
Indeed, the mechanism by which the dyspnea is produced is com- 
parable, in that it is the vagal reflexes inaugurated by this inelastic 
lung which affect the respiratory center so as to produce tachypnea 
and dyspnea. Experimentally, as Harrison has shown, sectioning of the 
vagi in an Inelastic lung markedly decreases or abolishes the dyspriea. 
In order to reverse the sequence of events just described, we resort to 
the use of a powerful sympathorm'metic drug, epinephrine, whose 
action in stimulating the sympatheUcs result In a dilatation of the 
bronchioles and a vasoconstriction of the blood supply to the bronchial 
mucosa, these actions accomplishing a free access of air and a di* 
minlshed secretion of mucous plugs. By so returning the lung to its 
normal elasticity, the vital capacity returns to normal and the dyspnea 
is abolished. 

PATHOtOCY 

Many workers in pathology performing autopsies on patients dying 
in acute attacks of asthma have regularly found a narrorving of the 
lumen of the smaller bronchi and bronchioles due to the following 


causes: 

1. A hypertrophy of the fine circular muscles and an increase in 
the thickness of their rvalls. The many mucous glands which lubricate 
the bronchi also become enlarged and secrete much more mucus than 
normally. 

2. An edema of the mucous membrane lining the bronchi. The 
microscopic anatomy reveals eosinophilic infiltration and an increase 
in mononuclear cells. Cliarcot-Leyden crystals and Churchmaim’s 
spirals are usually found in the mucosa and in expectorated sputum. 
Various degrees of emphysema and bronchiectasis may be seen in 
chronic cases. 

DUGNOSIS 


The diagnosis of asthma is made from the clinical symptoms which . 
characterize the disorder together ivith the physical findings and the^ 
demonstration of the criteria of aflergy, such as positive skin - 
and other confirmatory laboratory evidence, 
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Symptoms.— The asthmatic attack usually comes at night, often 
with an insidious onset. The first sensation the patient notices is a 
difficulty in breathing, his chest is “heavy,” and he finds that he can- 
not remain in the recumbent position but must sit up or stand up in 
order to breathe. Then the patient wiU begin to use the accessory 
muscles of respiration and by this time will describe wheezing noises 
coming from his chest during respiration. He will also cough desper- 
ately, with or without expectoration. These symptoms may last from 
a few minutes to many hours or days, if untreated. Expectoration of 
mucous plugs with tenacious sputum herald the close of the attack. 
Asthmatic patients may complain of continuous coughing without 
dyspnea or wheezing; ifris is particularly true in children. Character- 
istically, the patient has no symptoms between attacks. Physical exer- 
tion, overeating, or the onset of a cold may precipitate an attack of 
asthma; however, very often an attack may come on with apparently 
no cause. 

The natural course of untreated asthma is increasing frequency and 
severity of attacks which may ultimately result in persistent asthma 
or status asthmaticus. In status asthmaticus, the patient wheezes con- 
stantly and the cough and shortness of the breath are present con- 
tinuously; any manner of activity is difficult and the only way these 
patients can get any air into their lungs is to assume a semisitting 
position, bent forward, attempting to expel that air which they have 
succeeded in inspiring. Although the patient has marked difficulty 
in both the inspiratory and expiratory phases of respiration, the ex- 
piratory phase is attended with the most distress. The symptoms may 
resemble those of a state of shock with cold, clammy perspiration, 
subnormal temperature and a rapid thready puEe; indeed, the patient 
is suffering from allergic shock. 

In children, quite commonly, an attack of asthma is ushered in 
with a high temperatme and very often pneumonia is suspected or 
wrongly diagnosed. 

Physical Findings.— On inspection, the patient is observed to be 
breathing wth difficulty, using the accessory muscles of respiration 
vath a corresponding widening and fixing of the intercostal spaces, 
with the ribs in a horizontal position as seen in deep inspiration. On 
percussion, a hyperresonance throughout, more marked over the bases 
of the lungs, can be elicited. On auscultation, mmierous wheezing, 
sibilant and sonorous rales are heard throughout the chest with the 
expiratory phase definitely prolonged over the inspiratory phase. It 
should be borne in mind that an asthmatic person may be in acute dis- 
tress without prominent wheezing or rales and that one may often 
detect fine rales by placing the diaphragm of the stethoscope at the 
patient’s open mouth and having him breathe at it. 

Laboratory Findings.— The blood and sputum characteristically 
show an increase in eosinophils which may range from 5 to 50 per 
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cent of the differential count, and this is one of the most common 
findings in asthma. Early in the attack there may be very fittle sputum, 
but at its terminatiou expectoration of mucous plugs containing 
Charcot-Ijeyden crystals and eosinophils usually occurs. The urine 
shows no abnormal findings in uncomplicated cases; the blood chem- 
istry reveals normal values Including the calcium content in which I 
have never seen a discrepancy. 

Electrocardiography usually shows no variations from the normal 
between the attacks; however, during an asthmatic attack there are 
variations from the normal which are diificult to interpret but which 
usually revert to normal when the attack is over. In the acute attack, 
electrocardiography may reveal changes characteristic of acute 
coronary insuificiency. For accurate evaluation, it is therefore advis- 
able to take electrocardiograms after, rather than during, an acute 
attack. 

Roentgenography and fluoroscopy of the chest do not reveal any 
abnormal findings In the uncomplicated asthmatic; however, chert 
plates of chronic asthmatics may show evidence of heavy hilar 
shadows, bronchiectasis, emphysema, or a combination of these. The 
fluoroscopic findings during an asthmatic attack are an emphysema 
svith depressed diaphragmatic arches. The heart is of normal or 
diminished size. 

DIFFERENTIAL DUCNOSIS 

In adults, asthma must be differentiated from such conditions ns 
paroxysmal noctiunal dyspnea of cardiac disease, mediastinal tumor, 
pulmonary tuberculosis, pressure in the chert from aneurysm or 
foreign body, bronchogenic carcinoma of the lung, chronic bronchitis, 
chronic emphysema, cor pulmonale, chronic glomerulonephritis and 
substemal thyroid. 

Paroxysmal Nocturnal Dyspnea or Cardiac Asthma.— Cardiac asthma 
may be confused svith asthma when occurring in individuals who are 
in the age group in which degenerative heart disease is common. The 
differential diagnosis is important because the difference in treatment 
is so pronounced. Dyspnea due to cardiac disease in most cases is due 
to left ventricular Mure and is caused by marked passive congestion 
of the lungs. Attacks usually occur at night after the patient has been 
asleep for some time. He then is suddenly awakened by a feeling of 
choking, gasping and intense inspiratory dyspnea. These attacks may 
be brou^t on by reflex stimulation of the resphatory eenter such 
as coughing, a desire to urinate, or sudden awakening following a 
disturbing dream. Sitting upright in bed lessens the dyspnea by in- 
creasing the pulmonary ventilation. On examination, the patient may 
be found to have hypertension, with enlargement of the heart and 
other evidences of chronic heart disease such as coronary artery dis- 
ease or luetic aortic disease. The physical findings may reveal wheez- 
ing, sibilant and sonorous rales similar to those found in asthma. It 
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must be remembered that the middle-aged patient may have both 
asthma and some degree of heart disease and the latter may precipi- 
tate dyspnea by the following mechanism: The pulmonary congestion 
incident to left ventricular failure will produce bronchoconstriction 
and wheezing by acting as a nonspecific irritant to which the lung 
responds as it once did to an antigen. This sequence thus constitutes 
a conditioned reflex. Of great help in evaluating the differential 
diagnosis is the history of a preceding or associated hay fever or 
rhinitis, a sensitivity to some food, a family history of some allergy, a 
history of manifestation of allergy in childhood, recurring colds or 
bronchitis, urticaria, migraine, eczema or cyclic vomiting. 

Asthma usually occurs in younger individuals. In as thm a, the blood 
pressure is usually low, and the venous pressure is normal or sub- 
normal; indeed, this constitutes a valuable aid in the differential diag- 
nosis because cardiacs so commonly have increased venous pressure. 
The presence of positive skin tests plus blood eosinophilia tilts the 
balance toward a diagnosis of asthma. 

Mediastinal Tumor.— Mediastinal tumor produces dyspnea by pres- 
sure or displacement of the trachea. The findings are increased dull- 
ness over the upper portion of the sternum plus fluoroscopic and 
roentgen visualization of an increased density over this same upper 
portion. 

Pulmonary Tuberculosis.— Patients suffering from pulmonary tuber- 
culosis may also have asthma, on an allergic basis, due either to the 
ordinary sensitivities or to the development of a sensitivity to the 
products of the tubercle bacillus. Careful physical examination may 
reveal fine, moist rales over one or both apices and infraclavicular 
areas. Fluoroscopy and x-ray usually demonstrate destruction of lung 
tissue in the apices or infraclavicular areas. The presence of after- 
noon fever, persistent rapid pulse and other characteristic toxic symp- 
toms help in the diagnosis, and the finding of tubercle bacilli in the 
sputum clinches the diagnosis. 

Aortic Aneurysm.— The findings of widened aorta, with expansile 
pulsation and the presence of a bruit over the second intercostal 
space to the right or left of the stemiun in an individual with positive 
serolog}', plus fluoroscopic Endings of a pulsating mass synchronous 
with fte pulsation of the aorta, spells aneurysm. 

Foreign Body.— A foreign body in a bronchus, occuring especially 
in children, may present unusual difficulty in diagnosis. The important 
findings are unilateral wheezing and congestion of one side of the 
chest. Bronchoscopic and x-ray visualization will usually localize the 
foreign body. 

Primary Bronchogenic Carcinoma of the Lung.— The Erst manifesta- 
tion of a primary bronchogenic carcinoma of the lung may be wheez- 
ing and cough occurring in a patient of middle age. Usually, there 
\vill be an accompanying expectoration of blood-tinged sputum and 
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physical findings of impaired resonance to dullness over an upper 
lobe with suppressed breath sounds. These findings are compadblo 
with those of atelectasis. Fluoroscopic and x-ray exandnation demon- 
strate an Infiltration In an area of a lung surrounding a bronchus. 
Lipiodol instillation in the bronchial tree plus bronchoscopy will 
usually show the carcinomatous infiltration. 

Metasfalic Carcinoma of the Lung.— The diagnosis here Is made on 
the history of the x-ray findings of cannon-ball distribution of infiltra- 
tion throughout both lungs. 

Chronic Bronchitis— A history of repeated upper respiratory infec- 
tions with cough and exx>ectation of purulent material plus findings of 
coarse, moist rales along the larger bronchi is suggestive of chronic 
bronchitis. 

Chronic Emphysema with or icithout Cor Pulmonale.— A history of 
occupation is important, such ns strenuous athletics, lifting, and other 
physical exertion sudi as is performed by musicians playing wind in- 
struments. Chronic asthma itself may lead to an emphysema. If the 
emphysema is severe enough, n cor pulmonale with ri^t heart fail- 
ure may be expected and may be diagnosed by the presence of 
cyanosis. Increased venous pressure, and enlargement of the right 
heart, in addition to the sibilant and sonorous rales heard on auserd- 
tation ns well as the barrel chest seen on inspection. X-ray confirms 
the diagnosis. 

Chronic Glomerulonephritis.— This condition may simidate asthma 
■in two ways; first, by the production of a hypertensive heart disease 
svith cardiac dyspnea, and secondly, by the hyperpnea present in the 
acidosis of the pre-urcmic or uremic slate. This diagnosis can usually 
be made svithout difiiculty on the basis of the blood pressure, urine 
findings and blood chemistry. 

Substemal Thyroid.— A substemal thyroid enlargement often gives 
rise to the sensations of choking and gasping and wheezing. This 
condition can be diagnosed b)' fluoroscopic and x-ray findings of 
widening at the upper end of the mediastinum, constituting a type of 
medlastinnl tumor. Basal metabolic rate determinations and blood 
chemistry may aid in the diagnosis if the thyroid is hyperachVe. 

Enlarged Tracheobronchial Lymph Nodes and Enlarged Thymus 
in Children.— These conditions should be remembered in considering 
dyspnea in children and can be ruled out by fluoroscopic and x-ray 
examination. 

niE ETIOLOCIC DIACNOSIS AND TREATBIENT OF ASTHNA 

There are three major categories of asthmatlo patients: One group 
consists of patients -with the frankly allergic type of asthma, in whom 
positive skin tests and cosinophilia in the spuhnn and blood can be 
demonstrated. The second group consists of patients usually but not 
always past 50, who give negative sldn tests and no family history of 
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allergy and in whom the asthma is preceded by frequent attacks of 
upper respiratory infections, perennial rhinitis or an attack of pneu- 
monia. The third group comprises those patients in whom there is an 
element of the previous types, with various degrees of dominance of 
one or the other. The frankly allergic group of asthmatic patients com- 
prise the large majority, making up as much as 75 per cent of the 
total. 

Group L The Frankly Allergic Group.— Close attention to the 
history will usually ehcit some allergic disturbance in the patient, per- 
haps years ago, such as a seasonal rhinitis, which recurred for years 
but which was so slight that no significance was attached to i^ the 
patient beheving that these were merely attacks of acute coryza. Also, 
attacks of perennial rhinitis would occur for years under the guise of 
“colds.” Sometimes urticaria or a food intolerance disturbed tlie patient 
years ago but only a carefully taken history ■will uncover these sig- 
nificant findings and permit their correct interpretation in the light of 
the present asthmatic symptoms. 

The etiologic agent in most instances can be found in the inhalant 
groups, such as chicken, goose, duck or bird feathers, dog or cat 
hair, orris root, pyrethrum, horse dander, cottonseed, linseed, silk, 
wool, rabbit hair, house dust, glue, goat hair, kapok, mattress dust, 
molds and yeasts in the air and house and various pollens. Foods by 
inhalation as may occur in bakers, millers and housevvives are also 
common causes, and ingested foods may play a role. Farmers exposed 
to com, rye, barley or other grain dusts and smuts may be affected 
vdtli a severe type of asthma, following their inhalation. As an ex- 
ample of the frankly allergic type developing in an individual past 
50, I quote the following case from my practice: A druggist at the 
age of 50 became sensitized to the spores of lycopodium dust, which 
is used in dryang pills and capsules. Skin tests to powdered lycopodium 
were positive and the complete elimination of lycopodium from his 
environment resulted in a complete disappearance of symptoms. 

In testing these patients, it is important to make -not only cutaneous 
or scratch tests but also intradermal and even passive transfer tests in 
order to determine the causative factor. All of these tests, including 
passive transfer, must be negative before one classifies the patient in 
Group II. 

In my own practice, I have practically abandoned the scratch test 
because it is so much less sensitive than the intradermal test. This is 
particularly important in testing ■with foods since the dried food ex- 
tracts that are used in scratch testing are not nearly so active and 
potent as tlie fresh hquid food extracts prepared for intradermal test- 
ing. One must be extremely cautious in testing intradermally ■with cot- 
tonseed, linseed, kapok and fish extracts in very sensitive indi^viduals 
since alarming and even fatal systemic reactions have occurred and 
been reported in the hterature. Often a clue to these sensitivities may 
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bo imcoverod In a carefully token history. These patients may come 
down with asthma following exposure to food or cooking odors es- 
pecially that of fish, or following the ingestion of cottonseed oils or 
dressings containing these oils. When su^ a history is obtained, par- 
ticularly in children, it may he safer to employ the scratch test first 
and then, if this is found negative, the intradennal test, using a very 
dilute extract 

Environmental control of these patients is essential to relieve their 
asthma. Impervious pillow and mattress covers, as well as complete 
house dust precautions should be Insisted upon. Other Inhalant fac- 
tors ecologically present, as determined by skin tests, must be avoided 
entirely. This admonition Is simple enough, yet in practice it is very 
difficult to enforce unless patients are carefully informed on how to 
avoid inhalant substances in the various forms to which they are 
exposed unknowingly. Visits to the home by the physieian are often 
necessary to point out errors in omission when patients actually 
thought they were eliminating certain inhalant factors. To Illustrate, a 
patient who reacted strongly to rabbit hair and horse hair obtained 
relief only after the complete elimination of an animal hair padding 
under the carpeting, which she had completely overlooked. It svas 
very difficult to convince this patient. In spite of the fact that upon a 
short stay in the hospital on several occasions the symptoms would 
clear up in a few days only to recur when the patient returned home. 
It is also important to hyposensiOze these patients, especially those 
sensitive to house dust, orris root, silk, molds, yeast and pollen. It is 
virtually impossible to escape these Inhalant substances either in the 
home or outdoors. 

Group n. No History of Allergy Obtainable; Negative Skin 
Tests.— In this group of patients, changes in envirorunent, diet 6r 
weather have no influence on their asthma. The asthma is usually 
severe and may even be rapidly fatal. Pathologically, there seems to 
be more secreHon in the bronchi and less spasm than in the frankly i 
allergic group. There may also bo infection in the paranasal sinuses 
and bronchi, and complications of bronchiectasis and emphysema 
seem to follmv early. There are many theories at the present time as 
to the etiology of asthma in these patients; perhaps the most plausible 
one is the hypothesis that an allergy is develop^ to products of in- 
fection. The first step in the treatment of these patients is to make 
sme tliat they belong in Group H, that skin tests and passive trans- 
fer tests are negative. Tlien, the control of the sinusitis and nasal in- 
fections by proper local and systemic means is in order. Control of 
upixir respirator)' infections in general is essential. Sometimes the 
procedure of bronchoscopy, which eliminates the excess sccretiohs and 
pus, may give some relief. Potassium iodide, 0.0 to 1 gm. (10 to 15 
grains) three times a day, often helps to liquefy secretions and aids 
in expectoration as does ammonuun chloride, 1 gm. (15 grains) four 
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times a day. The following prescription has been found very useful 
in this type of asthma: 

IJ: Spirits chloroform 0.35 cc. (Htv) 

Apomorphine hydrochloride 0.065 gm.(gr. 1) 

Potassium iodide, 

Tr. lobeha aa 15.00 gm. (cc.) (Siv) 

Syrup of wild cherry qs. ad. 120.00 cc. (3iv) 

Sig.; 4 cc. (1 dram) well diluted with water every four hours. 

Aminophylline, 0.5 gm. (7% grains) in 10 or 20 cc. of normal 
sahne, given intravenously, often is beneficial in this group. Aminophyl- 
line in rectal suppositories, 0,33 to 0.5 gm. (5 to 7% grains) at bed- 
time is often helpful. 

Epinephrine 1:500 in oil, preferably sesame oil, 1 cc. intramus- 
cularly, may control the wheezing for as long as twenty-four to forty- 
eight hours, but may be repeated every four to six hours if needed. 
(Note: The ampule should be immersed in warm water and shaken 
vigorously before opening and using so as to get the particles of 
epinephrine in smooth suspension.) 

For the distressing cough, hycodan bitartrate (Endo Products) in 
5 mg. tablets may give considerable relief if given every four to six 
hours. This product is a derivation of codeine, yet has none of the im- 
desirable properties of codeine and is not habit-formmg. I have never 
noted allergic symptoms from this drug as contrasted to the frequent 
occurrence of urticaria and dermatitis following codeine. The use of 
morphine, pantopon and demerol hydrochloride are to be condemned 
in asthma since Aey are habit-forming and so depress the cough reflex 
center that the patient is not able to bring up the tenacious mucus 
plugs and sputum necessary for relief and may virtually drown in his 
own secretions. 

In status asthmaticus, often the judicious use of epinephrine, 
aqueous and in oil, and of ether and oil per rectum and sedation have 
failed. Helium and oxygen, as originally advised by Barach, are used 
in severe paroxysms of asthma and administered through the Boothby- 
Lovelace-Bulbuhan (B.L.B.) mask, which fits over the nose, leaving 
the mouth open enough for eating, talking and drinking. The gas mix- 
ture consists of 20 per cent oxygen and 80 per cent helimn and its 
beneficial effects depend on its low specific gravity as compared with . 
tliat of oxygen. Tanks of helium-oxygen and of pure oxygen are con- 
nected to the mask by Y valves .and, as the patient improves, more 
oxygen and less helium are used. Great caution should be exercised in 
using drugs in asthma since many patients are sensitive to drug com- 
pounds such as aspirin, phenobarbital, pentobarbital, codeine and 
morphine. Unfortunately, these complex chemicals do not give re- 
actions by skin tests and the only way to determine sensitivity to them 
is to use them, but the trial has not always been safe or easy. It is 
far safer to use those drugs having simpler chemical formulas, such 
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as bromides, chloral hydrate and paraldehyde. Five per cent glucose in 
1000 ca of normal salt solution Intravenously may be extremely helpful 
in patients who are dehydrated, and ns much as 2000 cc. can be safely 
given in a twenty-four hour period. Ether and oUve oil, a mixture of 
equal parts, 150 cc. to 200 cc. given per rectum every six to eight 
hours, if needed, often aids materially In shortening the course of a 
severe asthmatic attack. The results of vaccine therapy remain a con- 
troversial issue. Some workers claim good results \rith autogenous 
vaccines and others claim equally good results with stock vaccines. 
My own opinion of vaccines in this tjpe of asthma is that they e.tert 
a nonspecific effect similar to that obtained with any foreign protein 
injection such aS proteolac, milk protein or typhoid vaccine. If the 
vaccine prtxluces a local reaction at the site of injection, improvement 
of the symptoms may occur temporarily, only to recur again. The use 
of vaccines in general has been very disappointing. 

Group ni. Mixed Group.— The third group of astluna patients 
comprise those who originally were frankly allergic patients and then 
perhaps years later the allergy became complicated by infections in 
the bronchial tree and paranasal sinuses. It is important to test these 
pab’ents thoroughly and make an attempt to eliminate inhalant as well 
as food allergens which originally caused the asthmatic symptoms. The 
treatment of the sinuses and bacterial infection in the bronchi re- 
solves Itself into conservative local measures to aid drainage and 
general measures aimed at increasing the general body resistance. The 
use of iron, arsenic in small doses as Fosvler’s solution, 0.2 to 0.35 cc. 
(3 to 5 minims), and vitamins may be beneficial if indicated. Radical 
nasal surgery has done more harm than good, whereas conservative 
local measures plus adequate control of the allergic background offers 
the greatest hope for relief in these patients. 

ILLUSnUTIVE CASES 

Case I.-Mrj. L. P., aged 24, was socn becans* of njthma. sviiich began two 
yeaia ago during her iLxth month of pregnancy and has persisted since. There svas 
a past history of sneezing and rhinorrbea throughout the year for several years 
oikI a history of chronic asthma in her father. Examination disclosed sibilant and 
sonorous rales osier both lungs and nasal emmluntion revealed hypertrophied, 
boggy inferior turbinates, Eosioophiis in tiie blood svcre 9 per cent, svitb a normal 
total leukocyte count Inbodermal skin tests wero strongly posiUvo to feathers, 
dust mattress dust, wtmI turd anlrnid hair Smaller reactiorrs were obtained to 
chocoUte and milk, lustructioni were given to cover the pillows and mattresses 
with nonallerglc covers and chocolate and milk were excluded from the diet Hypo- 
sensitization was given to on autogenous bouse dust and mattress dust extract. 
The patient rapidly Improved and hax not experienced an astbmaHo attack or 
rhinitis for the past three years 

The Interesting feature of this case is that the patient had been 
allergic for years before .her pregnancy. During the last three months 
of her pregnancy she literally fnrecd herself to drink more milk than 
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she had been accustomed to, in spite of a dishke for milk. This pro- 
cedure, plus the added strain of pregnancy, upset the allergic bal- 
ance and the summation effect of the exposiue to several antigens 
combined to produce a severe asthma, which persists until their 
removal. 

It is of the utmost importance that allergic pregnant women should 
not partake of unusual amounts of any particular food, especially 
where there is a dislike for it, since they may be potentially sensi- 
tive to the food but may show only slight or no symptoms on small 
quantities. Vaughan has termed this the “balanced allergic state,” and 
a siunmation of several antigens, plus the added strain dining the 
latter part of pregnancy, may upset this balance with the production 
of symptoms. 

Case II.— J. L., a boy aged 10, came in because of hay fever from August 15 
to September 15, and asthma throughout the year. The hay fever symptoms were 
present for four years and the asthma began two years ago. There had also been 
periodic attacks of urticaria during the past four years. In the family history, the 
father has a perennial rhinitis and a contact dermatitis on the hands, caused by 
handling parsnips. Tlie paternal uncle has hay fever. Examination disclosed wheez- 
ing, sibilant and sonorous rales over both lungs. Previous pollen injections for hay 
fever and one year of treatment %vith an oral pollen preparation gave no relief. 
On complete intradermal testing, it was found ffiat large reactions were obtained 
to giant and short ragsveed, com, cantaloupe and shrimp and smaller reactions to 
cottonwood tree pollen, cat hair, cholocate and tomato. Chocolate, tomato, com 
and cantaloupe were removed from the diet. A cat was ordered removed from 
the home and treatment was given to the ragweeds and cottonwood pollens. Under 
this regimen, improvement was rapid and the hay fever was well under control 

Case III.— Mr. A. L., aged 32, had asthma for three years. He also had a dog 
in the house for the same length of time. Tests revealed a large reaction only to 
dog dander. An attempt was made to hyposensitize him to dog dander since he 
was not willing to dispose of tlie dog. Asthma persisted, however, and he was 
not relieved until the dog was disposed of and the house thoroughly cleaned of 
dog hair. The asthma was relieved completely when this was done. 

These cases emphasize that complete contact with the offending 
allergen must be insisted upon before relief can be expected,' 

Case IV.— Mrs, G. F., aged 25, wife of a physician, complained of rhinitis 
occurring throughout the year, for three or four years, accompanied by sneezing, 
itching of the nose and a clear, watery nasal discharge. She had been treated by 
several otolaryngologists, and on two occasions the antra were punctured. About 
three weeks after the last antral puncture, cough and asthma developed and 
wheezing would occur three to four times during the week. In the history, one 
uncle had hay fever. There was an additional history of a chronic colitis in the 
patient for many years, arid an internist suspected a gastric ulcer, although x-ray 
examination of the gastrointestinal tract was negative for ulcer. 

Examination revealed a pale undernourished woman, with considerable cough 
and wheezing bilaterally over both lungs. The blood eosinophilla was 16 per 
cent.' Intradermal tests were strongly positive to all feathers and egg white, beets 
and banana. This patient was employed as a social worker in a sanatorium where 
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iho waj in contact with chickens and ducki kept in the yaid. Elhnhoation of 
contact with feathera, and avoidance of egga, beets and banana in the diet, 
stopped the asthma. She gained weight rapidly and the gastric and colonic symp- 
toms promptly cleared. The patient's hnsband Informed me some three >'ears later 
that bo was the proud father of a baby son, and that no further symptoms of 
rhinitis, asthma or colitis had appeared. 

This case illustrates an allergic response to Inhalants and foods, be- 
ginning with rhinitis perennially, then an allergic manifestation of the 
gastrointestinal tract. After surgery to the nose, asthma followed. 
ITieso manifestations completely cleared when contact to these 
allergens svas Interrupted. 

STATUS ASTHMATICUS 

This special group of intractable asthmatics can he considered as 
a subdivision of Group II which is comprised of tliose cases in which 
infections in the paranasal sinuses and bronchial tubes are present 
and skin tests to inhalants and foods are negative. However, any 
asthmatic patient may lapse Into a state of persistent uncontrollable 
wheezing, cough and dyspnea. Frequently the injudicious use of 
epinephrine by Inhalation or Injection, and of ephedrlne products, may 
result In a status asthmatlcus. These patients are thought to be epineph- 
rine fast but it Is questionable whether or not epinephrine fails to 
act Its use may fail to relieve dyspnea when tenacious bronchia] plugs 
cannot be dislodged. 

Most deaths from asthma are in status asthmatlcus. They usually 
occur between ages 40 and 60 and approsimately 40 per cent of the 
patients who die have had the disease for less than five years, 60 per 
cent for less than two years. There is a period of intense dyspnea, 
marked wheezing and an associated outpouring of an extremely 
tenacious viscid secretion which produces an inelastic, relatively in- 
dlstenslble lung and diminishes the vital capacity. Massive pulmonary 
collapse following complete bronchial obstruction has been de- 
scribe This intractable asthmatic condition may be prolonged to 
several days or a week, when it terminates with an abundant expec- 
toration. Death may occur from exhaustion or heart failure. Fever of 
101° to 102° F. may he present on the third day and may continue 
for four or five days or until the attack is over. I^lmonary consolida- 
tion with physical signs of pneumonia may complicate the picture. 

When intractable status asthmatlcus occurs, the patient no longer 
responds to epinephrine or other drugs that relieve asthma. One of the 
best measures to use in this condition is the inhalation of oxygen 20 
per cent and helium 80 per cent by means of the B.LJ5. mask. The 
low specific gravity of this mixture allows the gas to penetrate through 
the obstructed bronchi. Epinephrine if already given previously wii- 
out effect should be discontinued. Helium and oxygen should be in- 
haled for as long as three or four hours at one time, if necessary, and 
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may be continued for a longer period if relief does not ensue. Periodic 
inhalations lasting one to two hours may be necessary for two to five 
days to reheve a severe attack. Once the attack is brought under con- 
trol, epinephrine in oil 1:500 intramuscularly may be given for the 
milder wheezing which may recur. Complete anesthesia with the use 
of ether inhalation has been tried with success in breaking up a severe 
attack of intractable asthma. A mixture of equal parts of ether in ohve 
oil, 150 cc. to 200 cc. as a retention enema, will often stop the attack. 
Sedation with chloral hydrate by mouth or rectaUy, paraldehyde, 
phenobarbital or nembutal is useful in stopping the attaclc 

Moiphine should not be used since it increases bronchiolar con- 
striction and depresses the medullary cough and respiratory centers. 
These patients became dehydrated rapidly, and fluids, as 5 or 10 per 
cent glucose in normal saline solution, 1000 cc. intravenously every 
twelve hours, are a valuable adjunct. Glucose is essential to replace 
the fiver glycogen stores which have been depleted by epinephrine. 
Should signs of right heart fafime supervene, digitalis should be given 
in the form of digifofin 0.1 gm. (1% grains) four times a day for four 
days or one of the digitoxin preparations as crystodigin, 0.2 mg. every 
four hours for six doses, and this will usually sufBce to digitalize the 
average patient. When wheezing and dyspnea are subsiding, potassium 
iodide 0.65 to 1 gm. (10 to 15 grains) with the addition of apomor- 
phine hydrochloride 2,5 to 3 mg. (%4 to %o grain) and tincture of 
lobelia 0.65 to 1 cc. (10 to 15 minims) is useful in aiding the ex- 
pectoration of the viscid, tenacious sputum. 

It may be necessary to resort to bronchoscopy and aspiration of the 
tenacious sputum and bronchial plugs. My personal experience vrith 
bronchoscopy has been exceptionally successful in several patients 
with intractable asthma. Following the aspiration of considerable 
viscid secretion and plugs, the dyspnea and wheezing rapidly sub- 
sided after all other measures had failed. It is, therefore, not wise to 
wait too long should other methods fail, because severe exhaustion or 
heart failure may later contraindicate the use of this often life-saving 
treatment. 

Case V.— Mrs. L. J., aged 59, ■was perfectly well until she contracted a cold 
around Thanksgiving Day of 1944, when she noticed a distressing cough with 
shortness of breath, wheezing and nasal congestion. She had never had hay fever 
or asthma previously and she had a negative family history of allergy. Physical 
e.xamination revealed an obese female who was coughing incessantly. There were 
large hypertrophied tonsils, nasal polyps on the left, a few sibilant and sonorous 
rales along the larger bronchi. Blood pressure was 138/100. The rest of the physical 
examination was negative. AH intradermal sldn tests were negative. I referred 
her to an otolaryngologist because of the nasal polyps and for an investigation of 
the sinuses. The report was pansinusitis in addition to the nasal polyps, and he 
advised removal of the poljTps in order to establish better drainage. The polyps 
were removed and almost immediately thereafter the patient went into status 
asthmaticus. In spite of the use of heUmn and oxygen and sedation, the course 
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became progresjively more revere and It war decided to call In a broncborcopirt. 
At bronchoscopy, an extremely vlrdd, tenacious purulent exudate with stlcty 
plugs was aspirated. Heliof of the status asthmatreus rvas almost irrstontaneoos, and 
the slighter wheeling which persisted was easily controlled by cpbiephrino In oil. 
An autogenous vaedrro was made from tlie aspirated exudate and a course of in* 
fectlons was given which svas foUosvcd by consldemblo Impros'emcnt. She was 
also given potassium Iodide, 1 gm. (16 grains) three times a day, for a considerable 
period of Ume. 

This nsthma was undoubtedly au allergic reaction to the products 
of her own infections In the sinuses and bronchi. It should also be 
pointed out that bronchoscopy was life-saving in this case. 

TUEATMENT OF TIIE ACUTE ATTACK OF ASTDIIM 

Epinephrine hydrochloride 1:1000, Oil to 0.3S ca (3 to 5 minims) 
subcutaneously, is the best for prompt relief of wheezing. This dose 
may be repeated every twenty' to thirty minutes imtil relief is afforded. 
Larger doses produce toxic effects such ns inarhcd pallor, wenlmess 
and rapid heart. When the wheezing and difficult breathing are some- 
what relieved, ephedrine 25 mg. ( % grain ) with or without an added 
sedative such as phenobarbital 10 mg. ( % grain ) or nembutal 32 mg. 
(54 grain) may be prescribed by moutli every three to four hours to 
maintain relief. Epinephrine 1-100 by inhalation used in a glass va- 
porizer often affords marked relief. Children tolerate ephedrine ver)’ 
well and one-Iialf the adult dose can be given to children from 5 to 10 
years of age. Care must be exercised in giving ephedrine to older 
people because it may produce a congestion in an already hyper- 
trophied prostate and result in difficulty in urination or complete ob- 
struction. If this symptom appears the use of ephedrine should be 
stopped at once and a drug such ns propadrine hydrocliloride in 25 or 

(% or grain) capsules should be substituted. Potassium 
iodide, 0.65 to 1 gm. (10 to 15 grains ) well diluted In milk or water, 
should he given behveen attacks for a long penod of time. In children, 
syrup of hydrlodic acid, 0.65 to 1 cc ( 10 to 15 minims) well diluted in 
fruit juice, milk or wafer, is highly beneficial and can be given for long 
periods of time. E.xpectorants such ns ammonium chloride 0.65 to 1 
gm. (10 to 15 grains), throe or four times a day. tincture of lobelia 
0.65 to 1 cc. (10 to 15 minims), npomorphine hydrochloride 2.5 or 3 
mg. or j/.Q grains) and ammonium carbonate 0.33 gm, (5 

grains) con be used to liquefy broncliial secretions. Excessh’e cough 
not accompanied by expectoration or wheezing may bo controlled by 
the use of hycodan bitartrnte 5 mg. every four to six hours. As pre- 
viously mentioned, this preparation is nonhnbit-forming and is far su- 
perior to codeine. Tincturn opii campliorata in 0.65 to 1 cc. (10 to 15 
minim) doses also is useful ns a sedative e.xpectorant. 

Morphine and codeine arc contraindicated in asthma because of the 
depression of the respiratory center and cough reflex which these 
^gs produce. 
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The second requirement for the physician conducting the allergic 
study is to appraise the existence of inhalant allergy. If present this 
should be controlled by adequate measures prior to and throughout 
the period of specific food diagnosis, for otherwise the persistence of 
inhalant symptoms may interfere with observations of the patient dur- 
ing food testing. 

The physician’s third obligation is to proceed with the food investi- 
gation m an orderly fashion by means of teclmics which will reveal 
most accurately the clinical effects of individual foods and to deter- 
mine at an early stage of the diagnostic study whether the patient 
under obsei-vation has a high or a low inherent tolerance for foods. As 
will subsequently be brought out, the patient who aheady has a wide- 
spread food allergy problem should not be placed oh a highly restricted 
elimination diet because of the ease with which sensitivity may spread 
to substituted foods ingested in oft-repeated feedings. Therefore, the 
physician should have a clear understanding of the importance of 
maintaining existing tolerance for given foods in addition to the desir- 
abffity of detecting the presence of intolerance to others. 

Last and most important, the physician must know precisely what 
happens following the experimental feeding of individual foods; this 
means that clinical observations must be accurately made, recorded 
and interpreted. In reviewing the chnical evidence in respect to the 
food intake and symptoms, he must constantly be on guard to make 
factual deductions rather than conclusions falling under the heading 
of the common error of logic known as "Post hoc, ergo, propter hoc,” 
of which the following is an example: It is common knowledge that 
roosters crow early in the morning and that dawn occurs shortly there- 
after; therefore, it dawns because the cocks crow! 

The physician may be aided tremendously in this task of observation 
by training his office personnel and his patients to become good ob- 
servers; this, of course, includes the accurate and immediate recording 
of aU relevant data. The patient aids in this process by keeping a food 
diary and symptom record showing the exact foods eaten and the cir- 
cumstances associated with the precipitation or sharp accentuation of 
various sjonptoms. It is obviously important that the patient be told 
how to keep a diarj' of this tj'pe and, preferably, that printed forms be 
furnished for the purpose. 

It should be quite obvious from this preamble that the specific diag- 
nosis of food allergy is a joint endeavor and, as such, should be under- 
taken tvitli -the patient rather than on, or even for, the patient. 

MISCONCEPTIONS REGARDING FOOD ALLERGY 

Differences of opinion regarding the recognition of food allergy 
seem to result from the perpetuation of sever^ misconceptions. First, 
there is the impression that food sensitivity is concerned primarily 
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with children, whereas, actually. It is at least as common and usually 
more complicated in adults, in view of the multiplicity of foods in- 
volved and the greater interrelationship with inhalant allergy. 
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Second, there is the prevalent notion that patients vvill be able to 
detect the existence of sensitivity to an article of the diet. This is com- 
monly true with foods eaten ocensionahy but a patient rarely sunpects 
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sensitivity to a food ingested at frequent intervals. Actually, the great- 
est single shortcoming of the allergy history is that it fails to indicate 
sensitivity to the most important foods in the diet This is attributable 
to the masking effect of symptoms so commonly resulting from the oft- 
repeated use of a given food allergen. This fundamental concept, de- 
veloped by Rinkeh and briefly outlined in Figure 54, aids in under- 
standing many important points in the allergy history. 

The third misconception in reference to food allergy deals with the 
hteral interpretation of sldn tests with food extracts. The false impres- 
sion that sldn tests with foods afford accurate diagnostic information 
apparently originated in part from analogy. That sldn tests with in- 
halant allergens are highly reliable was common knowledge, and it 
was hoped that food sensitivity might be as readily detected. How- 
ever, when sldn test results are checked in cases carefully diagnosed 
on a cHnical basis, both false positive and false negative reactions are 
seen to occur with such frequency as to cast serious doubt on the 
ability of cutaneous or intracutaneous tests to indicate current specific 
sensitivity. Although positive skin tests with food extracts are occasion- 
ally associated with current clinical reactions, when the same foods 
are tested under correct experimental conditions it becomes apparent 
that skin tests with foods are so unreliable that a diagnostic diet based 
on their results is apt to be more misleading than helpful. Such an 
approach to the diagnosis of food allergy is often disadvantageous in 
that it utilizes the patient’s most valuable period of cooperation in fol- 
lowing a restricted diet, it being the exceptional patient who will 
follow through cooperatively on some subsequent and more funda- 
mentally sound diagnostic plan. I am of the opinion that sldn tests \vith 
food extracts, mechanically performed and literally interpreted, have 
done more to retard than to promote general acceptance by the pro- 
fession of the full r61e of food allergy in clinical medicine. For the 
reasons given, I have not performed cutaneous or intracutaneous skin 
tests with the major food allergens during the past five years. 

The assumption that food allergy deals primarily with sensitivity to 
wheat, mflk and eggs, or that certain other foods may be safely in- 
cluded on elimination diets is also erroneous. In cases diagnosed on a 
clinical basis com is the most commonly encountered food allergen, 
com sensitivit)'’ being slightly higher in incidence than sensitivity to 
wheat or milk and significantly more frequent than egg or potato al- 
lergy. This statement is based on the result of a recent and as yet 
unpublished survery of 200 consecutive new cases of suspected food 
allergy studied by means of indmdual food, tests with com, wheat, 
milk and eg^. Unfortunately, several widely used elimination diets 
fail to ehminate com completely. The continuation of even small 
amounts of com starch or com sugar (glucose, dextrose and cellulose) 
in an eh'mination diet will perpetuate symptoms in a patient highly 
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sensitive to com.* It should be emphasized that any article of the diet 
may be one of the causes of acute or chronic aller^c symptoms. 

MANIFESTATIONS OF FOOD ALLERGY 

Although foods may be the sole or contributing cause of any allergic 
manifestation, the combination of food and inhalant sensitivity is a 
much more common occurrence. Inhalant sensitivity plays the domi- 
nant role in seasonal rhinitis or asthma, which usually results from 
pollen or fungus sensitivity when symptoms are limited to the smmner 
months, and from sensitivity to house dust or epidermals when symp- 
toms are present primarily in the winter. Concomitant food sensitivity 
which manifests itself only during the season of inhalant sensitivity or 
in association with certain thermal variations must always be con- 
sidered as a possible contributing factor in patients who have not re- 
sponded satisfactorily to otherwise adequate diagnosis and therapy of 
Inhalant sensitivity. 

Food sensitivity Is the most coirrmon etlologic factor in cases of per- 
enninl allergio rhinitis and peretmial bronchial asthma, irrespective of 
the age of the patient. It is the most cotrrmon mechanism in the spe- 
dflo etiology of atopic dermatitis and gastrointestinal allergy. The 
latter appears to be the most common clinical reaction of food sensi- 
tivity. Among various other specific and nonspecific factors, food 
sensivlty must always be given etiological consideration in cases of 
acute or chrotric urticaria. 

In addition, food allergy is frequently the cause of various other 
symptoms, many of which are not investigated regrrlarly from this 
standpoint One of the most commonly encountered is the allergic 
headache which may be of any descriptive type, including so-called 
“histaminlc cephalalgia." The clinical syndrome which might be called 
the fatigue picture of allergic origin is also a very common manifesta- 
tion of food sensitivity;’’ * this is characterized hy a peculiar type of 
fatigue and listlessness, and, in many instances, by muscle drawing 
and aching (particularly in the nuchal region, the lower back, and the 
hamstring and calf mu^es), irritability, tenseness (often referred to 
by the patient as nervousness) and sometimes by mental depression 
which in extreme cases may reach the point of melancholia and abnor- 
malities of behavior. It is a common error to assume that all symptorrts 
of this type occurring in the allergic person, in the absence of positive 
physical findings, are manifestations of psychosomatic disease. 

Various minor clinical manifestations of food sensitivity affecting the 

• For Instflnco the present form of tho Rowe EUmlnatlon Diets* includes 
baldng pow-der containing com starch. Certain brands of bacon, white vinegar 
and commerciolly prepared soybean substitutes for milt, permitted on some of 
those diets, also contain com sugar. Even tho highly restricted diet of rice, larob 
and pears would contain com sugar if standard brands of commercially canned 
pears ■were used. 
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genitourinary tract and tire hemopoietic and nervous systems cannot 
be discussed in the space allotted. 

THE DIAGNOSIS OF SPECIFIC FOOD ALLERGY 

The methods employed in the specific diagnosis of food allergy are 
identical whether the patient happens to have one or another of the 
various clinical manifestations of allergic disease. 

Because of the frequent coexistence of inhalant and food allergy, 
inhalant sensitivity should be investigated first. If found to exist, it 
should be controlled by specific avoidance and treatment both as a 
prerequisite for initiating diagnostic studies for food sensitivity and as 
a necessity throughout the course of such observations. In certain 
cases, this program will obviate the necessity for studying food allergy. 
In other instances, where investigation of a food allergy is indicated, it 
will minimize inhalant symptoms during the period one is observing 
the cause-and-efi^ect relationship of specific foods to allergic symptoms. 

Inasmuch as the objectives in the diagnosis of food allergy are, first, 
to determine the extent to which the diet is involved by the current 
allergic process and, second, to determine the degree of sensitivity ex- 
isting to particular foods, one must therefore employ a diagnostic 
approach which measures most accurately the clinical allergic reaction 
to individual foods. 

In this connection one should not overemphasize the importance of 
the patient’s impressions regarding the presence or absence of food 
allergy or the existence of specific sensitization.to particular foods. The 
most highly allergic person is commonly the most vehement in denymg 
food allergy, and if an individual claims that there is a common food 
he is certain that he can eat because he invariably feels better after- 
ward, this food should be the first to be suspected by his doctor (see 
description of masked food allergy in Figure 54). 

In spite of the shortcoming of the specific food allergy history, the 
following items are worth recording: (1) suspected foods, including 
the evidence for such claims; (2) food dislikes and reasons for such; 

( 3 ) the evaluation of childhood dietary factors in relation to illnesses; 

( 4 ) the influence on the patient’s symptoms of previous dietary manip- 
ulation of any type; and (5) the quantitative food intake history. The 
last is the most important and should include the number of times per 
day or per week that tlie major food allergens are eaten. A useful form 
for this purpose is shown on the left side of Figure 55. The right side 
of this form serves as a convenient record for subsequent changes in 
the diet. 

In the event that allergic symptoms are occurring in intermittent at- 
tacks at an interval of once a week or less frequently and the patient 
is entirely symptom-free between attacks, helpful diagnostic informa- 
tion may be obtained from details of the recent history and a carefully 
recorded food diary covering a period of several episodes. As a rule. 
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however, this type of patient does not consult a physician nearly 
as frequently as does the Individual having chronic daily symp- 
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toms. From the foregoing, it should be apparent that the latter group 
Includes the patients hn\'iag such constitutional sjTnptoms as the fa- 
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tigue syndrome of allergic origin ( otherwise unexplained on an organic 
basis) existing between more classical allergic reactions. 

Aside from the history, the diagnostic approach for the detection of 
specific food allergy in the chronic case may be considered under sev- 
eral headings, the aim in each instance being to prescribe an initial 
diagnostic diet which will avoid that individual’s allergenic foods as 
simply and as harmlessly as possible. 

The method of choice and the one most accurate scientifically is to 
perform individual food tests vrith the six or eight foods the patient 
eats most frequently. In the event that only one or two such tests are 
associated \vith the production or the* accentuation of allergic symp- 
toms, the patient may be assumed to have a narrow base of sensitivity; 
this, in turn, is usually associated with a high inherent tolerance for 
foods. As further explained in Figure 56, this patient is not apt tc 
acquire sensitivit}' to the oft-repeated ingestion of currently tolerated 
foods and may be placed, with considerable safety as far as the long 
range point of view is concerned, on a diagnostic diet of short duration 
restricted to a group of compatible foods determined from the result of 
several individual food tests. 

In the event that 50 per cent or more of the first six or eight common 
foods tested individually are associated with the production of allergic 
symptoms, a highly restricted elimination diet including only test-nega- 
tive foods is not indicated, for the presence of a vride base of sensitivity 
is usually associated \vith a low inherent tolerance for foods, and a 
sharply restricted diet, although of only a few days' duration, may do 
irreparable harm. The diagnosis and treatment of this type of case, the 
most difficult problem encountered in chnical allergy, cannot be rigidly 
separated; the management of this clinical situation will be considered 
later. 

The current technic of the individual food test, originated by Rinlcel® 
and confirmed by Randolph and Bawling,® consists, briefly, of the fol- 
lowing: A food, previously eaten regularly, is completely eliminated 
for a period of four days prior to test feeding.* On the fifth day the 
patient amves in the office in a fasting condition and rests for thirty 
minutes, dming which period a careful record is kept of the incidence 
per unit of time of sneezing, coughing and all other allergic symptoms. 
The subject is then fed a large serving of the food in question and 
similarly observed for another hour. In the event that diagnostic symp- 
toms have not developed, a second feeding is given at the end of an 
hour and clinical observations are continued for an additional half 
hour. Total leukocyte counts are performed prior to and at twenty, 
fort}'^ and sixly minutes after the first feeding. 


* It obviously is essential to provide the patient with detailed instructions on 
how to avoid the food 'in question, including a sheet of instructions of the common, 
sources in the diet. This information will be available in a separate publication^ 
or as part of a monograph on food allergy* soon to be published. 
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cover from the masked symptoms resulting from the frequent ingestion 
of that particular food (as illustrated in the upper parts of Figure 54). 
The formerly masked food then acts as it v/ould if taken at infrequent 
intervals (see piid part of Figure 54). In the event of a high degree of 
sensitivity, a prompt and immistakable symptom reaction may be ex- 
pected (a doubling of the incidence or of tlie severity of symptoms is 
regarded as diagnostic). This demonstration of a clear-cut cause-and- 
effect relationship between the experimental feeding of particular 
foods and induced symptoms is likely to insure a more satisfactory de- 
gree of patient cooperation in following the initial diagnostic diet than 
is ordinarily obtained by other means of arriving at the first diet. 

In the presence of lower degrees of sensitivity the onset of symp- 
toms is apt to be more delayed, frequently coming on after the patient 
leaves the ofllce. In the absence of symptoms, a postprandial leuko- 
penia of 10 per cent or greater occurring in any of the postingestive 
counts as compared with the basal determination or with a subsequent 
postingestive leukocyte count is presumptive evidence of sensitivity. 
This leukocyte variation in the absence of symptoms commonly indi- 
cates a cumulative oflFender; these points have been carefully checked 
in a large series of cases and, in connection with the following state- 
ment, constitute the chief reasons for performing serial total leuko- 
cyte determinations. I agree with Rinkel® that the presence of a 
trajectory curve of leukocytosis is evidence that the food in question is 
currently tolerated, and that in the hands of the physician with a work- 
able knowledge of the dynamic natiue and mechanism of food allergy 
this test procedure is 90 per cent reliable as a diagnostic method in 
detecting specific food sensitivity. 

In summary, then, the performance Of individual food tests vrith the 
major potential allergens of the diet, at an early stage of the diagnostic 
study, gives e^^dence meeting the objectives of the food allergy investi- 
gation, namely; (1) information concerning the degree of sensitization 
existing to the various major foods; and ( 2 ) indication of the extent to 
which the diet is involved by the sensitization process. These factors 
constitute fundamental points in the classification of food allergy and 
determine the dietary approach from this juncture fonvard. 

An alternative approach to the initial diagnostic diet, but one which includes 
considerably more guesswork, is the performance of individual food tests with 
three or four major articles of the diet, usually choosing between com, wheat, 
milk, eggs and potatoes. From the results of these tests and the details of the food 
history, a basic t>'pe of elimination diet is prescribed to which are added two or 
more major foods found compatible as checked by the individual food test technic. 
The author has foimd a series of five basic diagnostic diets of use in this con- 
nection, each to be prescribed \vith four sheets of recipes. These diets and their 
accompanying recipe sheets are named in terms of the major foods eliminated, 
i.e., the cereal grains, com, wheat, rye, oats, milk, eggs, legumes, potatoes, toma- 
toes and fruit, as indicated in Figure 57. It will be noted that each diet eliminates 
the first four major foods as listed in the order of Incidence of sensitivity, namely 
com, wheat, milk and eggs. Details of these diets ^vill be published elsewhere.^’^ 
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If, however, 50 per cent or more of the 6nt three or four Individual food testa 
show Incompatibility, this is presumptive evidence of a lo^v Inherent tolerance 
for foods. At this point on additional group of three or four food tests is perfonned 
Nvhlch places the patient In the calegoiy Initially described, and decisions as to 
ti\e future course of e\'ents are based on the same ev'idencc as previously outlined. 

The third diagnostic approach, listed in the order of its desirability in the 
detection of si>cciflc food allergy, U the prescription of one of the aforementioned 
diets chosen solely on the basis of the patients food history. This entails a pur© 
guess as to the possible food allergens In a given case and necessitates exclusion 
of at least the first fi\’c foods listed tn tlie order of the incidence of sensitivity (see 
Imver part of Fig. 50). There is a moderate to gesod chance that one of these ^ets 
wiD relieve current allergic s>Tnptoins. the ke>’atone to the diagnosis of specific 
food sensitiWty. Nevertheless, should the patient happen to have a knv Inherent 
tolenince for foods, he might de\elop sensitization to substituted foods used re- 
peatedly on this diet before ho recovered from the effects of the specific aHorpcns 
that u'ero eliminated. Should the imlial basic diet have represented a ixxtf gness 
and included one or more active food allergens, not only wiD chronic s>'niptoins 
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continue but there Is the additional hazard llvat the patient may also have acquired 
new sensitivities from the use of this diet, tlnis gainlog nothing and losing mu^. 
Under such drcumstances, which oro not uncommon, a part of tho loss is the 
fact that tho concept of food ollergy os a cause of symptoms has been discredlled 
tn tho minds of both the phytidan and the patient This diagnostic approach 
commonly baddlrcs, and when It does one might characterize it in retrospect by 
the succinct phmse of “tho wrong guess on the wronged patient Only oih» 
thing is worse for the for-advanced case of food sensitivity, that is levcnJ repealed 
wrong guesses (the prescription of serial highly restricted elimination diets). 

An even less deiirablo approach to the initial diagnostic diet on approach 
whldi is least ob’ective and least sdentific, is a restricted diet based on ildn test 
evidence. For reasons given, this progmro cannot be recommended. 

Another approach to tho problem is to place a patient on a diet of hydrolyzed 
protdns. To date this has not developed Into a satisfactory program in view of tho 
imjalatablUty of such mixtures, the foct that cornmerdally av’ollablc h>-drolysalC3 
derfvTsd from miHc, beef or yeast may not be completely nonaUergenlc In respect 
to the source materials, and the distinct possibility that an allergio reaction might 
develop to such n product In its own right when it is used as the sole source of 
nutrition. ' 
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In the event that a restricted diet is prescribed, how long should it 
be followed? Patients should not be maintained on a highly restricted 
dietary program, either limited to compatible foods as determined 
from individual food tests or as a result of a basic type of elimination 
diet, for periods longer than a week to ten days, regardless of whether 
or not symptoms have been reheved. If tlie diet is correct one will 
usually observe some evidence of improvement by the end of two or 
three days, with sustained improvement after four or five days. 

How and when should omitted foods be returned to the diet after 
the patient’s chronic symptoms have been relieved? From a diagnostic 
standpoint (the object being to produce allergic symptoms), the major 
avoided foods may be reintroduced after a three or four day symptom- 
free period; they are added iu cumulative feedings one at a time in an 
approximate relationship to the length of the period each has been 
avoided. If a food has been omitted for only a week it is readmitted 
to the diet three times daily for a single day. If symptoms have not 
been reproduced or accentuated by the following morning, one may 
assume that specific sensitivity of a high degree does not exist and an- 
other food may be added similarly. If a food has been eliminated for 
over a week but less than tw'o weeks, it should be returned to the diet 
twice daily for a two day period. 

If symptoms are accentuated following the reintroduction of a par- 
ticular food, one should remove it from the diet and wait imtil the 
symptoms have at least started to subside before making another addi- 
tion. If the reaction is doubtful after cumulative ingestion the food in 
question should be retiuned again after four more days of avoidance. 

What should one do in the event the initial diagnostic diet fails to 
relieve chronic symptoms? This is difficult to answer precisely. If the 
symptoms are actually due to food sensitivity, the failure to relieve 
them as the result of a liighly restricted diet usually points to one or 
more of the following: 

1. It may be due to the incomplete avoidance of one or more known 
food allergens; this error occurs with surprising frequency even though 
the patient is given detailed printed instructions teUing precisely what 
to eat, as well as a list of the common- sources of the eliminated foods. 
The ■ unfortunate fact remains that some patients cannot be trusted to 
read instructions, or for some other reason do not apply the specific 
information at their disposal. The most satisfactory way to avoid this 
error is to insist that while the patient is on the initial diet all food be 
prepared at home and that a detailed record of everything ingested be 
carefully compiled. At the time of the first check-up visit the physician 
should check specific instructions against the actual record. 

2. The initial diet may include one or. more foods to which the pa- 
tient is already sensitive. The greater the number of foods contained 
in the first diet, other than those observed under the correct conditions 
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of individual testing, the greater the possibility that specific allergens 
have not been excluded. 

3. Another possibility is the development of sensitivity to a food 
used repeatedly in the inlbal diet. Although this is particularly apt to 
occur in the patient with a low Inherent tolerance for foods, it may 
occm" in any individual and remains the greatest single hazard associ- 
ated svith the correct use of a highly restricted elimination diet. This is 
particularly apt to occur in connection with certain foods, such as 
buckwheat or legumes, which seem to possess high allergenic poten- 
tials. Sensitivity to the repeated use of these foods sometimes occurs 
within as short a period as three or four days. Furthermore, a spread of 
sensitivity seems to occur readily to foods botanically related to those 
known to be incriminated. 

4. It also appears that certain allergic manifestations associated with 
marked structural change in the sliock organ involved respond some- 
what more slowly than other allergic s>Tnptoms, even though the spe- 
cific allergens are correctly eliminated. This is the exception rather 
than the rule. 


TIIE TREATMENT OF FOOD AELERCY 
The therapeutic aspects of the food allergy problem may be con- 
sidered to best advantage under two headings. 

Cases with a Narrow Base of Sensitivity (High Inherent Toler- 
ance for Foods).— The cardinal principle in the management of cases 
of food allergy having a narrow base of sensitivity is the complete and 
prolonged elimination of the Incriminated foods. Immediately after the 
complete avoidance of a masked food allergen— that is, for several days 
to several weeks— the ingestion of a relatively small amount of a highly 
allergenic food may result in an acute, and sometimes violent, symp- 
tom response. RinkeP describes this as the phase of hyperacute sensi- 
Uzation. As illustrated in Figure 58 and previously discussed, this 
response is used to advantage diagnostically by the performance of In- 
diWdual food tests after fom days of avoidance. 

In the majority of cases of cydic food allcrg}', this phase of hyper- 
acute reaction will persist only a few weeks if the patient avoids stim- 
ulation of the specific mechanism (i.e., if he eliminates the particular 
food completely). In the majority of Instances there ensues rvith the 
passage of additional time a progressive decrease in the degree of spe- 
cific sensitization (see Figure 58), which eventually permits tlie rein- 
troduction to the diet of the previously eliminated food. 

The question then arises as to how and when one should reintroduce 
such a food? This is obviously an important point because of the de- 
sirability of maintaining the tolerance gained as a result of avoidance. 
From the therapeutic standpoint, the objective in returning a previ- 
ously eliminated food to the diet is to avoid the production of allergic 
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symptoms (quite in contrast to the objective of producing allergic 
symptoms for the purpose of diagnosing specific sensitivity). Although 
we know something about how such a food should be retmmed, there 
is no concise rule to guide us as to when it is safe to try it. 

TYPES Of FOOD iOEBSY 
BASED m THE RESPONSE TO SPECtflC AVOIDANCE 


I. CYaiC FOOD ALLERGY ( SENSITIVITY DECREASED BY AVOIDANnF) 
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II. FIXED FOOD ALLERGY ( SENSITIVITY UNCHANSEO BY AVOIDANCE ) 
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Fig. 58, 


The interval of usage of a food that can be tolerated without symp- 
toms must be worked out gradually. It seems desirable to start by 
eating an average servmg on(?e in seven days. If this schedule is tol- 
erated at the end of a month, the interval may be reduced to once in 
five days, and perhaps later to once in three days. Under no circum- 
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stances should the patient return the food indiscriminately for this is 
almost certain to result in resensitization. Rlnhel has emphasized that 
the oft-repeated use of a food at this stage is very apt to be followed 
by the redevelopment of active sensitization usually leading again to 
the complete masking of symptoms. The foUosving example serves to 
illustrate how thin the thread of specific tolerance may actually be; 

A phylidaa reflcted wltli violent headache and diarrhea in the course of an 
Individoai food test with beef. In subsequent weeks the slightest amount of beef, 
such os beef stock in a pork gravy for instance, was sulBdent to produce acute 
symptoms. After a period of nine montlis of complete avoidance, beef was re- 
turned once a week In the form of a large steak and tolerated on this schedule 
for a period of two months. Then while visitiog away from home, ho ate beef 
on two successise days without symptoms. The next meal of beef a week later 
was follosvcd by a severe headache and diarrhea. Ho then avoided beef com- 
pletely for three more months and for the past three months has been earing it 
regularly once weekly without any evidence of intolerance. 

There are numerous factors which have a bearing on the question of 
when a food may be returned to the diet therapeutically; these include 
the initial degree of sensitivity ns Judged by the speed of onset and 
severity of symptoms in association with the individual food test, the 
duration of avoidance, the complexity of the food problem and the 
presence of concomitant Inlialant sensiUs’ity or other physical factors 
existing at various seasons. Although generalizations in this direction 
are hazardous in vierv of these variables in given cases, an initial at- 
tempt to return a food may usually be made between three months 
and a year after complete elimination was started. 

It may bo noted from Figure 58 that there might bo an increase in 
the degree of sensitivity following the partial avoidance of a food 
allergen. The Incomplete elimination of milk, for instance, by permit- 
ting the use of butter and milk in cooking, not only keeps sensitization 
active but at least in certain cases may enhance it. This unfortunate 
course of events is clearly Illustrated In a previous case report’^ 

I agree with Rowe^ and Rinkel* that one cannot be expected to de- 
velop tolerance for a food by the use of it in infinitely small amounts on 
a progressive scliedule. Rinkel believes that any improvement that 
seems to follow such a plan is apt to be explained on the basis of the 
masking of symptoms. 

There are certain cases which fm'l to develop any tolerance as tbe 
result of the prolonged avoidance of a specific food. Rinkel* describes 
this situation ns fixed food allergy (see lower part of Fig. 58), in contrast 
to cyclic food allergy as described above. 

Ca«c« witli a Wide Base of Sensitivity (Low Inherent Tolerance 
for Foods).— If the patient has a Imv inherent tolerance for foods, 
diagnostic procedures for the detection of food sensitivity may have to 
be continued from time to time throughout a predominately thera- 
peutic phase of management, in viexv of the fact that this typfTof pa- 
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tient should not be placed on a highly restricted diagnostic diet 
because of the tendency for sensitivity to spread. 

Although there has been no entirely satisfactory therapeutic ap- 
proach to this problem, the most workable program appears to be the 
use of all tolerated foods on a rotating schedule, as suggested by 
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The ( '* ) is used to separate subgroups in various biological divisions or famibes. 
. Fig. 59. f 


Rinkel.^^ Before enlarging on this concept, it should be emphasized 
that the classification of cases of food allergy as to the extent of in- 
volvement of the diet is a matter of relative degree. Individual patients 
vary from those sensitive to a single food to those approaching the 
ultimate of being complete allergies, a point of view presented in Fig- 
ure 56. As the therapeutic approach in one extreme is quite different 
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from that recommended in the other extreme, intermediate cajes are 
handled to the best advantage by avoiding the foods to which the 
individual is most highly sensihve, by the use of botanically related 
foods (see Biological Classification of Foods in Figure 59 as modified 
from Vaughan’* and Ellis’°) and those judged to be cumulative of- 
fenders in spaced feeding with a sufficient interval behveen doses to 
avoid the production of postingestive symptoms. It is well known that 
sensitivity tends to spread more readily wi thin a given botanical fam- 
ily; this tendency' is facilitated by oft-repeated ingestion and dimin- 
ished by spaced feedings. This knowledge is of particular importance 
when deaUng with such important groups as the cereal grains. It cer- 
tainly is not in the best interests of the wheat-sensitive patient, for 
instance, to use com in unrestricted feedings. In fact, a physician’s first 
responsibility under these circumstances is to determine if com sen- 
sitivity does or does not already exist, and, if not, by all means to 
instruct the patient In the correct use of this important and closely 
related food. 

The patient with the most advanced food allergy, in respect to the 
extent of the involvement of the diet, profits by the includon in the 
diet of all available tolerated foods, using each In a single feeding 
once in three or preferably four days. At this interval of higestion, a 
food is not apt to mask itself and if significant sensitivity exists the 
patient will usually be aware of discomfort immediately following its 
intake. It is in precisely this fashion that one completes the specific 
diagnosis in cases of food allergy having a wide base of sensitivity. If 
some particular food is under particular suspicion and there may be 
some doubt that it is masking itself when taken at a three day interval 
(this is quite possible), it should be used for a fesv times at a five day 
interval and watched more closely or, preferably, checked by means of 
an individual food test. 

The patient is aided in the task of following a rotating, diversified 
diet by being furnished a list of foods, such as that in Figure 59, and 
also udth a cross-hatched daily form for a month, listing the interval 
usage of the permitted foods. Although this type of diet is difficult for 
the patient to follow, if it is carried out carefully it usually results in 
eventual Improvement. It is trae that new sensitivities may be acquired 
but it is also tme that tolerance for avoided foods is usually regained. 
The net result is definitely on the credit side in respect to hoth symp- 
tomatic relief for the present and the outlook for the future. 

Quite obviously, a patient on this tj'pe of program will not be able 
to eat many of the prepared dishes commonly served. These individ- 
uals do better by eating simple, primary foods rather than some of the 
landscaped concoctions of multitudinous foodstuffs so commonly prof- 
fered by zealous, oversollcitous hostessesi 

One should be warned that not all cases of apparently far advanced , 
food allergy are as hopeless as it might appear at • . It co"T 
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monly occurs (i.e., with sufficient frequency to be embarrassing) that 
when dealing with sensitivity to a food exceedingly difficult to elimi- 
nate, such as com, one will leam suddenly that it has not been com- 
pletely eliminated owing to the fact that the sources of com have as 
yet not been completely catalogued. I recently had the experience of 
being unable to control chronic, distressing allergic symptoms in a 
patient with a very wide base of sensitivity in spite of the most careful 
rotation and diversification of the remaining diet. In spite of repeated 
observations I was unable to locate any other food which seemed to be 
producing the typical masked symptoms of which this patient com- 
plained. I then learned that com had not been completely eliminated, 
that the patient was obtaining sufficient com starch as an “inert ingre- 
dient” in a daily tablet of desiccated thyroid to mask her com reaction. 
This fact was learned only as the result of a fortunate lapse of a long 
week-end without the medication which was followed by an acute 
reaction immediately after the tablet was again ingested. This patient 
has been able to take tablets of com-free desiccated thyroid® without 
symptoms, and after the complete elimination of com her rotating, 
diversified diet is affording complete relief. 

SUMMARY 

Several misconceptions have distorted the current recognition of 
food allergy. Contrary to prevalent impressions, food sensitivity is a 
common cause of symptoms at any age, the history cannot be relied 
upon to detect sensitivity to specific foods or to rule out that possi- 
bility, skin tests with food exfi-acts are not rehable diagnostic pro- 
cedures and do not constitute an essential part of an allergic investiga- 
tion, and, lastly, food allergy not only exists to a selected group of 
foods such as wheat, milk and eggs but may involve any article of the 
diet and usually does so with an expected incidence in direct propor- 
tion to the frequency of ingestion of various foods. 

Inasmuch as the very existence of food allergy depends on the dem-' 
onstration of a cause-and-effect relationship between the ingestion of a 
specific food and the production or accentuation of allergic symptoms, 
it follows that diagnostic measures for the detection of specific sensiti- 
zation should be concerned primarily with observations of the effects 
produced by the experimental feeding of particular foods. This is best 
determined by performing individual food tests with several articles of 
the diet used most frequently and prescribing an initial diagnostic 
diet as the result of such experimental observations. 

In diagnosing a case of food allergy on such a clinical basis one 
leams the degree of sensitivity that exists to each major food and the 
extent to which tiie diet is involved by the sensitization process. 

® A line of common pharmaceuticals available in tablet form excluding com 
and other major allergenic excipients is available through the Upjohn Company, 
Kalamazoo, Michigan, under the trade name “Ahergia" 
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A highly restricted diagnostic diet may be employed with relative 
safety if the patient has a narrow base of sensitivity; it is contraindi- 
cated if the base of sensitivity is wide for such a patient has a tendency 
to acquire sensitivity readily to any food used in oft-repeated feedings. 
The treatment in either instance consists of using tolerated foods on a 
rotating diversified schedule, completely elirainating incriminated 
foods and using those botanically related on a schedule least apt to be 
associated wth a spread of sensitivity thereto. 

The complete elimination of a food is usually associated \vith a 
gradually diminishing degree of sensitization whldi eventually permits 
its reintroduction into the diet. The exception to this rule is ^ed food 
allergy in which the degree of sensitization is not diminished by pro- 
longed elimination. 
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RECENT DEVELOPMENTS IN THE TREATMENT OF ACIDOSIS 


Gilbert H. Mabquabdt, M.D., F.A.GT," 

In order to treat disturbances in the acid-base mecbanism of the 
body adequately it is essential that the physiological and biochemical 
processes instrumental in maintaining a normal balance be thoroughly 
understood. The discoveries and advances in physiological chemistry 
in the past several decades have placed the clinical entities of acidosis 
and alkalosis in the realm of objective medicine and should have re- 
moved their treatment from empiricism. 

The chemical disturbances manifested in the blood of a patient in 
acidosis, for example, often give clues as to the basic etiology of the 
acidosis. However, it is to be emphasized that these disturbances of the 
acid-base regulatory mechanic are but effects of a primary, imder- 
lying disease entity and treatment of the acidosis or alkalosis per se is 
but a palliative, though essential, procedure in the therapeutic scheme 
for combating the causative diabetes, pyloric obstruction or whatever 
else. 

REGULATION OF THE ACID-BASE BALANCE 

The limits of reaction compatible with life as expressed in terms of 
pH of the blood are 7.0 and 7.8 which means that the range is on the 
alkaline side of neutrality but that changes in pH can and do occur 
without death ensuing. The so-called normal blood reaction is most 
often quoted as from pH 7.35 to pH 7.45. The mechanisms involved in 
maintaining this relatively small range in pH in health will be 
reviewed. 

1. Plasma Buffers.— These substances exert their buffering action 
and protect the pH of the blood by producing neutral salts and weak 
acids or weak acidic salts when reacting with a strong acid or those 
that react with strong alkalies by producing water and weak alkaline 
salts. The primary buffer systems of the plasma are represented by 
the ratios: , 

H2CO3 BH2P04 ^ pro tein 

BHCO3’ B2HPO4 B proteinate 

B represents the monovdlent bases, chiefly sodium, H protein the 
free form and B alkaline proteinate. There is but an insignificant 
amount of inorganic phosphate iP the plasma so that this is of no 
practical importance. The plasma proteins exert but little buffering 
action at the pH range of blood and hence are not to be considered 

From the Department of Medicine, Wesley Memorial Hospital. 

* Assistant Professor of Medicine, Northwestern University Medical School, 
Chicago. 
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strong defenders of normal blood reaction. Tho chief factor concerned 
in the buffering action of the blood lies in the H-COa.-BHCOs ratio. 
The hj-drogen ion concentration of the blood is equal to the dissocia- 
tion of HjCOj constant, K, times the HnCOgiBHCOj ratio or (H+) 


HoGO 

= K amount of H2CO3 present under ordlnarj’ condi- 

tions is about 3 volumes per cent and BHCO3 about 60 i-olumes per 


cent. The ratio, tlierefore, “t which ratio Uio pH is ap- 

proximately 7 . 4 . 

Even though the absolute values of H-COj and BHCO3 change, if 
the ratio remains 1:20 tho reaction of tho blood remains normal. 

Tho bicarbonate sj'stem comes into play when excessive metabolic 
acids enter the body ns, for example; BHCOj -f- HA->C03 -f- H-O 
-(- BA. The BHCOj Is hence lowered and tho H2CO3 relatively in- 
creased; this, however, in healtli is compensated for by increasing the 
respiratory rate and exhaling CO2, tlms maintaining tlio 1:20 ratio. 
The salt formed (BA) and HjO are excreted by the kidneys. Alkalies 
entering the body react widi HjCOj ns illustrated; (HjCOj -f BOH 
-♦BHCOj -t- Hj). This increases the BHCO.j and decreases tho 
HjCOj, hence disturbing tho ratio and tho Ph. However, excessive 
BHCOj is excreted through tho urhic and in some uneipinincd man- 
ner tho HoCOj is also increased, thus, again protecting the reaction of 
the blood. In the case of excessive H^COj, the resplmtory rate is in- 
creased thus lowering the HjCOj as well as incrc.asing the BHCOj 
from base originating from the red cells. 

2 . The Buffering Action of Eryllirocylcs.— Tlio role of Oj and 
CO2 transport by the red cells Is intimately involved In the buffering 
action of tlie blood. IVhole blood is a more efficient buffer of excessive 
acids and alkalies than plasma niono and this is due to a mtlier com- 
plex mechanism involving tho crj'throcj'tic carriage of O; and CO2. 
.The accompanying diagram (Fig. 60 ) helps to illustrate tills process. 

Carhon ioxide enters the plasma from the tissues because tho CO- 
tension is greater in tlio tissues. Probably only 1 or 3 per cent of the 
CO3 is hydrated in tho plasma to HoCOj, since blood remains in the 
capillaries for only 1 to 2 seconds and tills is insufficient timo to form 
it. The reaction CO- -f HoO-fHjCOj is speeded up, however, bv 
an enzymatic catalyst, carbonic anliydrase, present only in the ix\l 
cells. Most of die CO3, therefore, must pass info die red cells Iiofoiv 
HjCOj con bo formed or HCOg can become available ns haw. 

The H-COj thus formed in tho erythrocyte is buffered by alkali, 
chiefly K+, xvhlch Is made available by the loss of O3 from nvylv 
globin. The KHCOj formed ionizes to K+ and HCOj. Tlie latter 
diffuses into tho plasma and forms BHCOj, mainly NallCf 
cause of this bicarbonate shift Into tho plasma, tho ionic cqilili 
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disturbed and ^ shifts from the plasma into the red cell. The chloride 
ion is buffered within the erythrocyte by the K+ made available by the 
reduction of oxyhemoglobin. 

Some of the CO 2 which enters the red cells combines directly with 
hemoglobinto form a dRrbamino compound: CO 2 + HHb— >HHbC 02 . 

The above description and preceding diagram specifically apply to 
the situation at the tissue end of the reaction. At the limg terminal, the 
processes are reversed and in the diagram the direction of reaction, or 
arrows, would be reversed. 

Of the total CO 2 given off in the lungs, about 92 per cent is directly 
or indirectly carried or buffered by the red blood cells. Eighteen per 


In the tissues 



cent is combined with hemoglobin in the form of carbamino com- 
potmd and 74 per cent comes from bicarbonate— 19 per cent as KHCO 3 
in the erythrocytes and 55 per cent in the plasma as NaHCOg due 
to the bicarbonate chloride shift as previously described. The remain- 
ing 8 per cent is H 2 CO 3 carried by the plasma and formed there 
without the aid of erythrocytic carbom’c a^ydrase. In actual trans- 
port of CO 2 , however, the red cells are responsible for 37 per cent 
of that liberated in the lungs and the plasma 63 per cent. 

3. The Respiratory Function.— As mentioned previously, the re- 
action or pH of the blood is dependent upon the H 2 GOs:BHCOa 
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ratio, since the HjCOj content of the blood depends upon the amount 
of COj that is excreted in the lungs, the respiratory rate Is a most 
important factor in maintaining the add-base balance of the body. 
From 800 to 900 gm. of CO 3 are formed and excreted per day by an 
active normal adult 

4. Excretion by the Kidneys.— As important as the lungs in rid- 
ding the body of volatile add, H^COj, is the renal mechanism which 
excretes the bound or nonvolatile adds and bases, the BHCOj fraction. 
The kidneys excrete adds resulting from the metabolism of protein and 
fat such as sulfuric, phosphoric and organic adds; these are mainly 
excreted ns salts derii’ing their base from the tissues or blood. Some iveak 
organic adds, notably /3-hydro.xybutyric, are excreted per se in the urine. 
The kidney attempts to conserve base for the body by synthesizing NHa 
from amino adds and excreting the adds or acid salts as ammonium 
compounds, and reabsorbing the cations, mainly Na+. The kidney also 
excretes base when an excess of same is present in the blood; most of this 
is In the form of HCOs. 

5. Tests for Determining Changes in AcJd-Bnse Mechanism.— 
(a) Total Carbon Dioxide Content or Carbon Dioxide Combining 
Power Determination.— This determination is made by collecting 
venous blood, protecting it against contact vrith the air, removing the 
red cells and saturating the plasma with CO 3 by bloxving alveolar 
air into the liquid. Carbon dioxide is then liberated by the addition 
of strong add, is measured and usually expressed as volumes per cent. 
There are many objections to using this determination as a routine 
clinical procedure, the chief one being that results are indeed variable. 
Differences of temperature, exposure to air, time elapsed betiveen 
drawing of the blood and obtaining the result all add to the variability 
obtain^ in the usual clinical laboratory. The most important factor 
In this variability is the Inability to control the bicarbonate-chloride 
shift bctxveen the red cells and the plasma. If a complete air seal is 
not maintained in the glass syringe and the cenhffuge tube, COj will 
escape from both plasma and red cells. When HCO 3 passes from the 
erythrocyte (see diagram) SI passes in thus allowing Na+ available 
for NaHCOj formation and falsely increasing the value obtained for 
the total COj content Other probably Insignlflcant errors may re- 
sult in differences in the CO» tension of the alveolar air introduced 
into the centrifuged plasma in different techm'cians or in the same 
individual at different physiological times. 

If this determination coidd be relied upon, much diagnostic informa- 
tion would be gained. It would inform of the extent or tendency to- 
ward acidosis or alkalosis even before the pH changes; actually, how- 
ever, compensation is nearly always Incomplete and changes in the 
total CO 3 content of the blood would bo correlated xvith pH changes. 
As ivill bo discussed later, the metabolic type of acidosis would be 
associated with a decreased CO 2 combining porver while tho same 
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disturbed and Cl shifts from the plasma into the red cell. The chloride 
ion is buffered within the erythrocyte by the K+ made available by the 
reduction of oxyhemoglobin. 

Some of the CO 2 which enters the red cells combines directly with 
hemoglobinto form a Garbarhino compound: CO 2 + HHb->HHbC 02 . 

The above description and preceding diagram specifically apply to 
the situation at the tissue end of the reaction. At the lung terminal, the 
processes are reversed and in the diagram the direction of reaction, or 
arrows, would be reversed. 

Of the total CO 2 given off in the lungs, about 92 per cent is directly 
or indirectly carried or buffered by the red blood cells. Eighteen per 


In the tissues 



cent is combined with hemoglobin in the form of carbamino com- 
pound and 74 per cent comes from bicarbonate— 19 per cent as KHCO 3 
in the erythrocytes and 55 per cent in tiie plasma as NaHCOs due 
to the bicarbonate chloride shift as previously described. The remain- 
ing 8 per cent is H 2 CO 3 carried by the plasma and formed there 
without the aid of erythrocytic carbonic anhydrase. In actual trans- 
port of CO 2 , however, the red cells are responsible for 37 per cent 
of tiiat liberated in the limgs and the plasma 63 per cent. 

3. The Respiratory Function.— As mentioned previously, the re- 
action or pH of the blood is dependent upon the H 2 C 0 g:BHC 08 
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ratio. Since the HaCOj content of the blood depends upon the amount 
of CXlj that is excreted In the lungs, the respiratory rate Is a most 
important factor In maintaining the add-base balance of the body. 
From 800 to 900 gm. of COj are formed and eicreted per day by an 
active normal adult 

4. Excretion by the Kidney*.— As important as the lungs in rid- 
ding the body of volatile add, HoCOj, is the renal mechanism which 
excretes the bound or nonvolatile adds and bases, the BHCOj fraction. 
The kidneys excrete acids resulting from the metabolism of protein and 
fat such as sulfuric, phosphoric and organic adds; these are mainly 
excreted as salts deriving their base from the tissues or blood. Some weak 
organic acids, notably /3-hydroxybutyric, are excreted per se in the urine. 
The kidney attempts to conserve base for the body by synthesizing NHj 
from amino adds and excreting the adds or aeid salts as ammonium 
compounds, and reabsorbing the cations, mainly Na+. The kidney also 
excretes base when an excess of same is present in the blood; most o[ this 
is in the form of HCOj. 

5. Test* for Delerminlng Changes in Add-Base Mechanism.— 
(a) Total Carbon Dioxide Content or Carbon Dioxide Combining 
Power Determination.— This determination is made by collecting 
venous blood, protecting it against contact with the air, removing the 
red cells and saturating , the plasma with COj by bloiving alveolar 
air into the liquid. Carbon dioxide is then liberated by the addition 
of strong add, is measured and usually expressed as volumes per cent. 
There are many objections to using this determination as a -routine 
clinical procedure, the chief one being that results are Indeed variable. 
Differences of temperature, e,xposure to air, time elapsed behveen 
drawing of the blood and obtaining the result all add to the variability 
obtain^ in the usual dinical laboratory. The most important fador 
in this variability is the inability to control the bicarbonate-chloride 
shift betiveen the red cells and the plasma. If a complete air seal is 
not maintained in the glass syringe and the centrifuge tube, COj xvlll 
escape from both plasma and red cells. l\'hen HCOs passes from the 
erythrocyte (see diagram) Cl passes in thus allowing Na+ available 
for NaHCOj formation and falsely Increasing the value obtained for 
the total CO; content Other probably insignificant errors may re- 
sult in differences in the COj tension of the alveolar air introduced 
into the centrifuged plasma in different technicians or in the same 
individual at different physiological times. 

If this determination could be relied upon, much diagnostic informa- 
don would be gained. It would Inform of the extent or tendency to- 
ward acidosis or alkalosis even before the pH changes; actually, how- 
ever, compensation is nearly always incomplete and changes in the 
total CO; content of the blood xvould be correlated with pH changes. 
As ivill be discussed later, the metabolic type of acidosis would be 
associated xvith a decreased CO; combining power while the same 
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type of alkalosis would be indicated by an increased CO 2 combining 
power. In the respiratory type of acidosis and alkalosis the reverse 
relationships would hold. Therefore, it follows that determination of 
the CO 2 combining power alone without supportive clinical signs 
or history as to the type of acidosis or alkalosis gives no information 
whatsoever as to the direction of the change in the blood reaction. 
Actual determination of the pH of the blood is necessary. 

(b) Blood pH Determination.— Ideally this measurement should be 
done on arterial, not venous, blood. However, as wiU be discussed, 
venous blood determinations can be made with accuracy. It has been 
a routine procedure for the past year on my medical service to make 
blood pH determinations. The ease, the speed and the accmracy of 
such a procedure speak for its more universal usage. In brief, the 
method is carried out as follows. A standard Coleman pH meter is 
used. A sealed glass electrode chamber is fitted with a sterile 2 inch 
length of rubber tubing, to the end of which is attached a sterile 1 inch 
needle. To the aspirating side arm of the chamber is attached another 
1 inch length of rubber tubing, a thumb damp and a 2 cc. syringe. The 
pH meter is standardized prior to each determination with a standard 
buffer solution of pH 7.4. About 2 cc. of sterile water is drawn into 
the chamber. The patient’s arm is cleansed with alcohol, a tourniquet 
placed above the elbow and about 1 cc, of blood is i-awn from a 
vein into the vertically-held chamber. The tubing and needle are re- 
moved from the chamber and the latter is placed immediately in the 
meter. The pH is read directly. Readings are obtained in from 10 to 
20 seconds after the needle punctures the vein and usually from 20 
to 40 seconds after the application of the tourniquet. 

Several objections can be made to this method of pH determination 
among which are (1) venous instead of arterial blood is utilized. 
Recent work by Grossman® has shown that readings obtained on 
venous blood are from 0.5 pH to 0.1 pH lower than arterial blood. This 
is partially compensated, however, by (2) temperature factors. The 
determinations are made at room temperature and the blood is, of’ 
course, at body temperature. This, results in values up to about 0.1 pH 
higher than true readings. The pH range of the blood of normal sub- 
jects as determined by Grossman® who utilized temperatine correction 
factors, pressure correction and collected arterial blood imder mercury, 
was 7.35 to 7.60. In contrast, in a series of normal individuals, the 
range of pH as determined on my medical service using venous, blG'od 
and employing.no temperature correction factors was from 7.35 to 
7.45, thus illustrating the dependability of the incorrected venous 
method, 

DISTURBANCES OF THE ACID-BASE BALANCE 

For convenience, acidosis and alkalosis are divided into two main 
types, metabolic and respiratory. 


® Grossman, M. G.: Personal communication. 
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Metabolic disturbances, by for the more common, may be due to 
other than pure metabolic changes, such as ketosis, and contain ele- 
ments of disturbances in the regulatory mechanism, such as kidney 
disease. The disturbance of this type lies in the BHCOg element of 
the HjCOa: BHCO 3 ratio and, as has been noted previously, attempts 
for defense of the pH are directed toward raising or lowering the 
HsCOj as the case may be. 

In metabolic acidosis the blood pH is lowered beyond the arbitrary 
limit of 7.35 and tlie total CO 2 of die plasma would also bo decreased 
beyond the accepted lower limit of 50 volumes per cent. Clinical er- 
amples of this type of acidosis include; chronic nephritis, in which 
there is a retention of nonvolatile acids due to the kidney damage, 
a decrease in tlio Iddnoys’ ability to form NHj to neutralize acids and 
the consequent substitution and loss of base from the body; starva- 
tion and diabetic ketosis, in which conditions aceto-acetic and fi- 
hydroxybutyrlc acids are formed in escess, bind bise which is lost via 
tlio urine; dehydration, in wlilch there is an accumulation of adds that 
bind base svhicli is lost in the urine; hemorrhage, biliary and pancre- 
atic fistulas cause direct loss of base 

Metabohe alkalosis is manifested by an increase of the pH of the 
blood beyond the arbitrary 7.45 Ihnit. In this type of disturbance the 
total CO 2 of the plasma would bo increased beyond the limit of 75 
volumes per cent. Common examples include the alkalosis that occurs 
in many patients who vomit from pyloric obstruction; acid and 51 
are lost, BHCO,i rises and is not excreted througli the urine because 
it is needed to help maintain osmotic pressure. Ingestion of large 
quantities of alkalies can also cause metabolic alkalosis when the ex- 
cessive base cannot be excreted adequately by the kidneys. 

The respiratory disturbances of the add-base balance are less com- 
mon. In contrast to metabolic changes these are under respiratory 
control and result in changes in tlio HoCOj; BHCO3 ratio. They are 
compensated by proportional cliangcs in the BHCO3. 

The pH of the blood in respiratory addosis is lowered but, in dis- 
tinction to metabolic acidosis, the total COo content of the plasma 
would be normal or elevated— not decreased as in the latter condi- 
tion. This I'ariaDco of direction of blood pH and total COo content is 
due to the mobility of the respiratory m^anism to e.xhale CO 3 and, 
hence, it accumulates in the body. Addosis may occur due to CO^ 
excess in such clinical entities as tracheal obstruction, pulmonary 
emphysema, pneumonia or pulmonary edema. 

Alkalosis of respiratory etiology results in an increased blood pH 
and, in distinction to metabolic alkalosis, a decreased total CO 2 plasma 
content. Hyperventilation is the common illustration of respiratory 
alkalosis. This type of reaction disturbance has recently become more 
important duo to the increase in high altitude flying. Hyperrentilation 
does occur at first in altitude but soon censes; in healthy persons the 
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effects of altitude hyperventilation are quickly compensated by. the 
usual factors affecting the H 2 CO 3 : BHCOs ratio. 

Dluslrative Cases 

1. Metabolic Acidosis 

This 78 year old white woman was admitted to Wesley Memorial Hospital 
complaining of periodic, short, numerous attacks of atonic convulsive movements 
of both hands, arms and shoulders of about one week’s duration. Physical examina- 
tion was essentially negative except for elevation of arterial blood pressure 
(220/90) and wealmess of the right arm and leg. Admission urine showed -f-f- 
sugar xvitli no acetone or diacetic acid. Several days after admission the patient 
suffered a right hemiparesis and became comatosed. Blood sugar rose to 963 mg. 
per 100 cc. Urine showed -f sugar and -f-f ++ diacetic acid. Venous blood pH 
was 6.92 and CO 2 combining power was reported as 32.5 volumes per cent. The 
patient e-xpired rivelve hours after onset of coma despite insulin, glucose and 
alkah therapy 

2. Metabolic Alkalosis 

Mr. H. C., a 52 year old white male, entered the hospital for evaluation and 
treatment of a chronic recurrent duodenal ulcer. His main complaint was early 
morning epigastric pain. X-ray of the upper gastrointestinal tract revealed a large 
duodenal crater. Night aspirations of gastric contents showed 50 to 85 cc. of 
highly acid material (up to 57 units of free acid). He was placed on a strict 
ventrahzation regimen consisting of 1.3 gm. (% dram) of sodium bicarbonate 
and 2.6 gm. (% drams) of calcium carbonate every hour during the day as well as 
milk-cream mixture. A continuous intragastric drip of milk was Instituted for 
night therapy. On the eighth hospital day the patient complained of nausea, 
dizziness and a headache. Venous blood pH was 7.78, the mrine alkaline. The 
alkaline powders were xvithheld, a liter of isotonic saline was given intravenously, 
and tlie patient rapidly became asymptomatic. A repeat blood pH done twelve 
hours later was 7.39. No recurrence was noted. 

3. Respiratory Alkalosis 

This 38 year old white woman was admitted to Wesley Memorial Hospital with 
otosclerosis for wliich a fenestration operation was performed. The surgery was 
done xvith no particular difficulty and immediately after the operation her condi- 
tion was satisfactory; she suffered the usual postoperative nystagmus and vertigo. 
On the first postoperative day, however, she became very excited and her res- 
piratory rate increased to 60 per minute, following which she developed a carpo- 
pedal spasm, hyperactive reflexes and tetanic convulsions of the arms and legs 
following rruld stimuli. Blood pH was 7.60. The patient was given reassurance, 
told not to hyperventilate and given rruld sedatives. She became asymptomatic 
after several minutes and a recurrence was not noted. 

TREATMENT OF ACID-BASE DISTURBANCES 

It is well to repeat at this point what was stated in the introduc- 
tion regarding the basic pathology underlying the secondary acidosis 
or alkalosis. The treatment of reaction changes, though palliative, 
are essential, indeed at times emergency measures. The diseased kid- 
ney, the pyloric obstruction, the diabetes and so forth must be con- 
sidered the basic therapeutic problem, and the resulting acidosis a 
temporary complication. 
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1. AcidoBls.— As a generality, acidosis of a metabolic nature does 
exhibit a depletion of BHCO 3 . The depleted base can be resupplied 
and should be to the extent warranted by the individual’s need. The 
choice of type of alhali is not a difficult one. In my service we are 
prone to use Isotonic sodium bicarbonate solution if the route be 
parenteral. This is not available commercially in large quantities so 
must be prepared. Isotonicity is assured by 0.10 NNaHCOj. Rough 
calculations ns to the amount needed can be made from pH and CO 2 
content of the plasma. It is my practice to check this frequently, how- 
ever, by blood pH determinations during the course of administrafon. 

The question of whether to give alkali to diabetics in acidosis, I 
believe depends upon the depth of the pH change. In severe acidosis 
I employ its use but prefer % molar sodium lactate in this case rather 
than Isotonic sodium bicarbonate. Because the lactate is metabolized 
as an added source of glucose is the main reason for its use. 

The use of carbon dioxide ns a respiratory stimulant in metabolic 
acidosis is absolutely contraindicated since fatal acidosis ensues. This 
point cannot be emphasized too strongly since the practice of com- 
hinlng carbon dioxide with o.xygen in the treatment of addosis is not 
rare. It is important in this regard to recall that the BHCO 3 is reduced 
in metabolic addosis; to defend the pH the H 2 COS: BHCO 3 ratio 
must be maintained and certainly this cannot occur if more carbon- 
dioxide is added to the blood thus separating still further the normal 
ratio. 'The use of carbon dioxide-oxygen mixtures as routine procedure 
in delivery rooms for resusdtatlng nexvborn infants certainly cannot 
be condoned. There is no contraindication to the use of the usual 
carbon dioxide-oxygen mixtures to increase the depth of respirations 
following surgical procedures xvhen deep anesthesia has reduced the 
HCO 3 by blmving off CO 2 and there is a normal amount of base 
available in the body. But this is the only reaction disturbance in 
which the use of carbon dioxide is justified. 

Ordinarily it is not necessary to give aBcnh in dehydration acidosis 
unless it is profound. Sodium chloride does well in this eondition. 

2. Alkalosia.— Metabolic alkalosis, if severe, usually responds 
quickly and effectively to the use of isotonic salt solution given 
parenterally. The results are indeed dramatic. Usually patients in 
alk-alosis are nauseated and vomit, which preclude the use of acidifying 
salts by mouth such as ammonium chloride or calcium chloride. 

In profound vomiting the stomach usually ceases to secrete hydro- 
chloric acid and dehydration acidosis often ensues instead of the ex- 
pected alkalosis so that reaction studies are necessary before treat- 
ment can be objective. 

Hyperventilation alkalosis if not profound usually becomes com- 
pensated shortly after the increased respirab'ons cease. If severe, 
isotonic sodium chloride given parenterally is indicated. 
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Extery child faces many problems in the process of growing up and 
making a successful adjustment in life. The nature of these problems 
and the degree of seriousness which they attain are determined by 
three sets of factors: the child s innate characteristics, the availability 
of the needs for optimum growth, and the uncontrollable' obstacles 
presented by his environment. 

At birth he is not a simple piece of clay capable of being molded 
into any conceivable shape. Each individual is one infinitesimal unit 
in the life of aU mankind.^ As such, he is “a living replica of his an- 
cestors for countless generations.”- iHe is, therefore, ancient at hirth 
and shaped by the patterns of response which his ancestors formed 
during the preceding centuries. 

THE GROWTH PROCESS 

As is the case wth every other hving tiling, man’s life is a growth 
process. It begins %vith conception and continues to senihty. Growth 
is most rapid before birth but has two other periods of acceleration, 
infancy and adolescence. It may proceed continuously or be inter- 
rupted either before or after birth by injury, toxic or poisonous agents 
or disease. At times it ma}' even reverse itself as in the deteriorating 
diseases. An adequate or suitable environment encourages growth 
after birth, while an unsuitable environment which fails to supply the 
growth needs may arrest or stimt development or cause regression. 
This is especially true of emotional growtii. 

Grox^'th is stimulated by growili energy (vitality). This is a life- 
time storage battery ivith which each indiwdual is endowed at -the 
time of conception. Individuals differ xvidely in the amount of energy 
which they possess. Some have it in abundance; the amount they 
possess is sufficient to them to carry on a vigorous hfe over a long 
span of years and to include many activities in addition to the normal 
routine. Other persons have a limited quantity, sufficient for a .shorter 
life. The force manifests itself in aggression and, imder favorable 
conditions, give rise to constructii'e behawor. Growth, stimulated by 
this energ}^ is the process of imfolding the life patterns which have 
developed during the millions of years that animal life has existed. 
Whether we use the term instinct or other words to describe the 
same phenomenon, we see in life a purposefulness whose ends are 
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selfpropagntion and self-preservation. These drives are exactly alike 
in all individuals. 

Every child is bom witli potentialities for the development of those 
gro\vth patterns which determine his physical stature, intellectual 
capacity and emotional responses. He also has Inherent abilities and 
handicaps. These vary widely in different individuals. Even persons 
who have the same degree of general intelligence ( I.Q. ) show marked 
differences in such qualities as rote memory, sense of rhythm, me- 
chanical skills, mathematical, spelling and reading abilities. Physical 
and emotional growth patterns show equal differences. It is obviously 
impossible to determine all of a clilld’s potentialities at birth but many 
of them become apparent very early in life. If we arc alert to the 
child’s individual qualities and help him fully to develop them (even 
though they may not be the qualities that we wish he had or think 
that he ought to have) we svill have side-stepped many problems, 
lus mental healtli can be assured and he con become a competent, 
woU adjusted, happy member of society. 

Growth is subject to very little control. Each child uses the equip- 
ment with which nature endosVed him and grows from within accord- 
ing to the general scheme of human development and to his Inditldual 
patterns. We cannot increase his size os a bm’lder adds wings to a 
house; neither can we increase his mental capacity by stuffing him 
with information or change his personality patterns by persuasion or 
coercion. In order to have him reach his ma-ximum stature and 
capacity we can only help him to develop In his own predetermined 
way. By giving him food and physical care, we help him to achieve 
his greatest b^Uy growth. To encourage mental growth we must 
give him security and supply his intellectual needs. One principle 
applies alike to the physical, intellectual and emotional aspects of 
growth; When a child is offered the essentials which he requires for 
growth he accepts what he needs and develops favorably. The process 
is complicated and we have only a limited understanding of it, but we 
know that when his needs are satisfied and no untoward circumstances 
intervene the child’s grorvth patterns reach their optimum develop- 
ment. 

All growth is an orderly process which follows an invariable plan. 
Embryological studies have shotvn that the cells which form any given 
muscle fiber or organ always appear in the same sequence and in the 
same manner. ’This is true also of behavior traits. Ai> they unfold in each 
child we see that they follow patterns common to all humans. At- 
tempts to alter the patterns result in faulty development of the In- 
dividual. On tire other hand, acceptance of nature’s plan— that is, a 
willingness to wait and allow behavior traits to appear at their 
appointed time— results in the best possible health and development 
of the child’s individual powers, provided, of course, that his growth 
needs are supplied. 
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While the order of gro\vth changes is universal, their extent is 
governed by individual difFerences and limited by those potentiahties 
which are present in tlie individual at birth. In this connection, com- 
parisons are not only odious but also dangerous, because no child can 
be forced to equal or exceed the development of another in order to 
please an anxious parent. Attempts to hurry him not only do no good 
but are often harmful. 

Like the ultimate limits of his development, the maximum rate of 
the child’s growth is also established and we cannot hasten it 
appreciably. It varies vwth the individual and we serve him best by 
being content to see him grow according to Iris own pattern without 
interference. In the case of physical growth we eannot accelerate the 
process materially by increasing food intake because the quantity 
which the child desires is determined by his appetite and that, in turn, 
is an expression of his growth needs. It is futile to force the child to 
take in more than his body can use. 

Again, the same principle applies to mental and emotional growth. 
A child’s learning ability is determined by his capacity for intellectual 
growth and that is not increased by feeding him overdoses of informa- 
tion. There is a Limit to the amount that each individual can grasp at 
one time; when he is offered more than that amount he is simply in- 
capable of assimilating it When his intellectual capacity increases it 
is the result of growth which proceeds from within and not from 
the urging of too ambitious parents or the offering of too rich intel- 
lectual fare. In an analogous marmer the youngster accepts the amount 
of affection which he needs for his emotional growth. Given affection 
of the right quahty and amount, his emotional growth will proceed 
satisfactorily \vithin his individual limits. They cannot be extended, 
but if we help the child to reach them we are being far more help- 
ful than if we aim for something beyond his capacity. 

Just as children differ greatly in (he matter of rate of growth so in 
any one child different aspects of growth proceed at varying rates. 
For example, a child whose chronological age is six years may have the 
physical growth of the average five year old, the inteUigence of a child 
of eight, and the emotional development of one who is four. At school 
he may show marked differences in his reading, writing, spelling, 
mathematical, musical and other levels of development When he 
reaches adolescence there may be a decided- discrepancy between his 
physiological and emotional growth. It is obvious, therefore, that 
chronological age is not the proper criterion by which to judge a 
child. Before accepting any rating as the norm for the particular 
child it is necessary to recognize that he represents many different 
age levels. If these different rates of development in tlie same child 
are due to inherent gro\vth patterns they cannot be altered. Retarda- 
tion of certain rates of growth may, however, be the result of rm- 
favorable environmental factors. Differences in the rate of various 
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aspects of his growth often create problems in the mind of the child. 
He Is tronbled and confused when he realizes that he is different from 
other children, that there is little uniformity in his accomplishments 
and that he does not conform to the norm arbitrarily set up for him. 

Like growth patterns, emotionni response (or temperament) ap- 
pears to be established at birth. Nesvbom infants exhibit the widest 
range of reaction to identical stimuli. These reactions may be tested 
on the examining table by firmly holding the infant’s legs, subjecting 
him to loud noises, causing him to have a sense of falling, or inter- 
fering with the nursing process. One infant may be only sh'ghtly dis- 
turbed, the next may cry mildly, a third may protest vigorously but 
stop when the insiJt is discontinued, another may cry violently and 
continue to do so long after the cause has been removed. These re- 
sponses to unpleasant situations are constant in each infant. Apparently 
they continue throughout life, but we do not have sufficient data to 
establish this point. Pleasant situations also evoke a greater response 
in one individual than another. These reactions, too, must be accepted; 
so far as we know they cannot be changed. 

Each newborn infant has his individual rhythm of waking and sleep- 
ing. Some babies awaken about every two and one-half hours while 
others can go without attention for longer periods. If each receives 
food and affecHoo and is made comfortable, that is, if his gro'vth 
needs are supplied, he tvill soon go back to sleep. This alternation of 
sleeping, waking and expressing the need for those essentials which 
promote growth is apparently in accord with a greater metabolic and 
physiologic rhythm. 

A baby is equipped at birth with several Important reflexes which 
are essential to life. As soon as he is horn he automatically begins to 
breathe. No one needs to teach him to nurse; when his cheek is placed 
against the mother’s breast he reaches for the nipple and sucks. The 
reflex responses to pain, loud noises, a sense of falling, and restriction 
of movement are well known. ’The Moro, or startle reflex, also is 
present in every normal baby though it is absent when there has been 
birth injury or other damage to the brain functions. 

Another well dex'cloped and functioning mechanism svith which 
each infant is equipped at birth causes him to respond to his en- 
sdronment in terms of feeling. This response also is reflex in character. 
In other words, the baby, like the individual of any age, cannot help 
feeling the way he does. Because the baby has neither knowledge nor 
experience he also acts the way he feels. Generally speakdng, he re- 
sponds to his environment either svith satisfaction and complacency 
or svlth fear and resentment. The former results when his growth 
needs are satisfied; the latter, when they are withheld or on the oc- 
casion of pain, loud noises, a sense of falling and restriction of move- 
ment. ’These responses are the bases of habits. \^Tien the former re- 
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sponse forms a habit pattern it gives rise to self-confidence, the pleas- 
ure of achievement and therefore the self-reliance and responsibility 
which are essential to mental health. There are, of course, justifiable 
and necessary fears and resentments, emotional responses vital to self- 
preservation. The fears due to the unfavorable environment as given 
above, however, create serious problems in the life of the infant. 

Even in the case of the infant, hfe is conflict. He is controlled by 
primitive drives of self-preservation and propagation and at the same 
time confronted with a complex and complicated society which is 
often at variance with his requirements. Being a selfish animal, the 
infant first demands that his own growth needs be satisfied. As he grows, 
however, he must learn to conform and by the time he reaches adult 
life he must curb and sublimate part of his impulses in order to meet 
the high standards of civilization. This necessity might create a very 
critical situation if it were not for the fact that adaptability is part 
and parcel of the growth process. Nevertheless, the twenty or twenty- 
five year period which our society grants him is a short time in which 
to reconcile these dijfferences and if the individual is to make a suc- 
cessful adjustment he must have his growth needs supplied in suffi- 
cient measure to assure predominance of self-confidence and self- 
reliance in his personality and to prevent him from being controlled 
by irrational fears and resentments. ' 

In early infancy the child is passive in his demands; that is, when 
his needs are not satisfied he merely cries. As he learns to use his 
body, however, and as intelligence grows and his emotions matiue, 
he tries to gain satisfaction by more active means. His earliest satis- 
factions result from sucking, elimination, warmth, fondling, and gen- 
eral bodily care. When he becomes more aggressive (as both his de- 
mands and his abilities increase) he will become self-confident and 
successful in satisfying his inner cravings in inverse proportion to the 
number of obstacles presented by his environment If the environment 
holds too many obstacles, that is, if too much is expected of the child, 
he becomes frightened and resentful and his aggressiveness becomes 
partly destructive instead of remaining tlie constructive force needed 
for successful adjustment. Later, as his conscience awakens and pro- 
duces in him a sense of guilt, his destructiveness may be turned against 
himself and cause him to do things which will hinder rather than aid 
him in his efforts. Menninger^ says, “If we cah imagine a parent suffi- 
ciently skillful to replace each satisfaction of which the child is de- 
prived by anodier satisfaction that the child could accept as approxi- 
mately equi\'alent, without disloyalty to the requirements of reality, 
we should expect to see in the progeny of such a parent an ideal per- 
son, not one wthout aggression but one without a sense of being 
thwarted in the adventures of life, wthout hate for anything except 
those things which should be hated and fought against in defense of 
his own ideals and best intentions.” 
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At first thought this statement of the growth process seems to be 
an oversimplification, yet these few principles are the ones which 
have governed human development through the countless centuriei 
during which the race has been in existence. It Is only since the in- 
dividual has encountered greater dilHculty in adjusting to society due 
to its growing complexity that parents have tried different methods 
of rearing children and that mental ill health has Increased. These 
different methods, in general, have been attempts on the part of par- 
ents to force the growth process. Some of the most common changes 
in our program for bringing up children have been the imposition ol 
standards too high for infants, forced feeding, too early toilet train- 
ing and too strict discipline designed to teach children to act like 
adults. Such excessive demands not only fail to accomplish their 
purpose but often have a directly opposite effect as the result of 
thwarting the child and burdening him with problems which make it 
hard for him to grow up. While it is not possible to reduce the rate or 
extent of potential physical and mental growth, it is possible to stunt 
emotional growth and e\'en to cause regression. This is the usual find- 
ing in mental ill health. 

GROWTH NEEDS 

What factors, then, make an enrironment most favorable for maxi- 
raiun growth? 

First, and most important, is security. This is the feeling which is 
given to an infant from the moment of birth by parents who really 
want him . Not all parents want children; some men and women hate 
them. These Individuals cannot give a child security. This category, 
however, does not include persons who feel that they should not have 
children because ill health, overwork or financial difficulties make it 
impossible for them to give their fnmifies suffldent care. The parents 
who cannot give a child security are those who themselves have not 
grown up sufficiently to want children or who have deep-seated re- 
sentments against them. When they are not wanted by their parents, 
children, even newborn infants, react with fear and resentment This 
is the case even when the parents, suffering from a sense of guilt, try 
to atone by lavishing affection on the child. He does not consciously 
know tliat he is unwanted but when the quahty of affection is not 
normal he fails to derive from it a feeling of satisfaction and com- 
placency. 

Complete and unqualified acccjriancc is the baby’s second growth 
need. Unfortunately, this is not always found even among parents who 
genuinely want to have children. Because of their own prejudices and 
anxieties many of them cannot accept the children who are bom to 
them. This may be tlie case when parents see in a child characteristics 
which are not there. Frequently, when a clilld looks like a relative 
whom the parent dislikes he may dsit his resentment on the young- 
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ster. In any case, the inability of parents to accept a child often pre- 
vents normal growth. 

The third growth need, which may be considered as a corollary to 
the second, is the child’s need to grow up according to his own pat- 
terns. As we have seen, no two infants have the same potentialities 
for physical, intellectual or emotional growth, no two grow at the 
sgme rate or reach the same goal. Each child has special abilities and 
defects and other individual characteristics which, taken as a whole, 
make up his personality. That being the case, no good purpose is 
served by trying to hasten growth or any phase of it If adults keep 
this fact in mind and approve the child’s accomplishments, whatever 
they may be, he can (provided he has the other environmental op- 
portunities for growth) develop his own abihties to the greatest pos- 
sible e.xtent. On the other hand, when parents, teachers and other 
adults attempt to change a cliild’s characteristics, he becomes fright- 
ened and frustrated and his emotional growth may, at the least, be 
restricted. 

A “feeling of usefulness” to use Aldrich’s expression, is the fourth 
growth need. Children learn by practice, and the discovery that they 
can perform various acts gives them self-confidence. 'They hke to do 
things for themselves and if they are aflEorded the opportunity will take 
on responsibilities appropriate to the stage of their development. For 
example, children from birth take full responsibility for eating a suffi- 
cient amount of food; usually they take responsibility for toilet habits 
dining the day at twelve to twenty months, and during the night, by 
tl;e time they are three years old. Also at the beginning of the third 
year they usually learn to play with other children and accept the re- 
sponsibility for settling their ffifferences. All children wall take the re- 
sponsibility for getting to school on time and for doing their work 
unless the standards are too high for them. Many children, however, 
are not allowed to take the responsibilities of which they are capable. 
Adults force them to eat more than they desire, fail to let them feed 
and dress themselves when they are ready (at about fifteen months 
and hvo years of age respectively); and prevent them from playing 
with other children. Such restrictions, commonly motivated by 
anxieties and rejection on the part of parents, keep-a child infantile 
and create in his mind unnecessary and often unsolvable problems. 
This child is usually said to be spoiled, especially when he becomes 
demanding and has temper tantrums because he has been frustrated. 

It is essential also to apply to a child only those standards of be- 
havior which are appropriate to his age. This is the fifth growth need. 
A child requires food, affection and care corresponding to his par- 
ticular rhytlim. This important principle was disregarded a few years 
ago when strict food schedules were commonly recommended and 
parents were discouraged from fon dlin g their babies. An infant takes 
as much food as he needs for physical growth and demands as much 
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affection as he requires for security The overdemaudmg baby is the 
one who Is suffering from physical discomfort or from fear which 
stems from annety on the part of one or more of the persons who are 
canng for hun In this connection we often hear adults eipress the 
popular fear that a baby is bemg spoded Recently, m a hospital, we 
heard an anxious mother ask why her three week old, sick baby was 
crymg The graduate nurse to whom the quesbon was directed, an 
sivered “He is spoiled ” Howei er, it is not giving attention, but with 
holding it, which creates difficulties Failure to give a baby affection 
of the proper quality when he is emotionally disturbed from any cause 
creates problems m his mmd 

Later, during early childhood and pre-adolescence, many children 
are again disturbed by parental insistence that they live up to stand 
ards which are not appropriate to them age Usuallj, these are adult 
social standards which are above the child’s level of inteUigence and 
emotional matuntj' Honesty, truthfulness, unselfishness, consideration 
and other abstract norms cannot be imposed on children It is im 
possible for them to be wholly obedient because they cannot possibly 
do more than a small percentage of the thmgs they are told to do 
Nev'ertheless, parents continue to make excessive demands They seem 
to be afraid to be land to their children, perhaps because they think 
a show of kindness indicates that they are not behaving as proper 
adults This attitude, however, and parental demands that young 
children observe the rules of conduct accepted by adult society, cause 
youngsters, even before they are flv e years of age, to behev e that they 
are bad A great many of them feel that their parents do not approve 
of them 

Other problems are created by lack of proper sex education Self- 
propagahon is the strongest force in the growth process The im- 
portance of sex education has been demonstrated scientifically Never 
theless, “it is also our custom to deny young children an understanding 
of sex differences, of mating and sex functioning They may ask 
questions and earnestly seek to understand them but we prefer to 
confuse their young minds and obscure them voung nunds. Thus when 
m adolescence they are confronted with puberty and the develop- 
ment of genital functions and all the accompanymg alterations of 
sexual maturabon, they are again faced vvnth a sudden and often 
dramatic reversal of their childhood teachmgs, notably In the various 
forms and threats offered as sex educahon As a result of the un- 
healthy attitude of many parents, children are afflicted with frustra- 
tions, amdeties and a sense of guilt These may begin to mount in 
earliest infancy and create unnecessary problems which make grow- 
ing up difflcult 

niE RESPONSE OF THE CHIU) 

The problems in a child’s mind are revealed by the case or difficulty 
he finds in using the tools with which he was bom and in gaining 
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sufficient satisfaction from his activities to make him feel that he can 
do something well and find a place in society when he grows up. To 
fit smoothly into our society xmdoubtedly requires aU of a child’s in- 
nate resources developed to an optimum degree. Nevertheless, nearly 
all children have sufficient ability to do so provided their growth 
needs are supplied and tlie environment outside the home is not too 
difficult. Unusual difficulties, of course, lie ahead of those who are 
bom with a meager capacity for physical and intellectual develop- 
ment in conjunction with a sensitive nature. They are unlikely to suc- 
ceed imless they have a sympathetic environment in addition to an 
unfailing supply of those essentials which they need for growth. The 
problems of children increase in proportion to the extent to which 
tlieir growth needs are wutliheld and obstacles appear in the environ- 
ment outside the home. 

'\^dien groviong up becomes too difficult children react either by 
overcompliance or overdefiance. They may become submissive, quiet, 
obedient, inactive and asocial on the one hand, or, on the other, de- 
structive, disobedient, imruly and overdemanding. While the public 
generally regards those children who belong to the former group as 
“good” and tliose in the latter group as “spoiled,” it is important to 
recognize that they are all exhibiting the reactions of frightened, re- 
sentful children whose growth needs have not been provided. Of the 
two types of children, those who are overcompliant are less likely to 
become even partially adjusted individuals. 

"When the environment becomes too difficult, children who have the 
more serious problems may fail to outgrow their infantile character- 
istics or slip back to earher levels of development. For example, they 
may continue an infantile form of speech, habits of thumbsucking and 
incontinence, show exireme jealoilsy of brothers and sisters and per- 
sist in playing alone long past tlie age when they would normally pre- 
fer to be with other children. Some of them use enuresis as an ex- 
pression of resentment, develop tics and compiJsive stealing and habits 
of destructiveness or become bullies; when completely frustrated in 
talking they may stammer. In the eyes of the average adult these are 
behavior problems; to the physician or psychologist, they are symp- 
toms of insoluble problems in tlie minds of the children who mam- 
fest tliem. These symptoms are precipitated by specific frights suffered 
by a child who is already insecure, frightened and resentful. 

SUMMARY 

1. Life is a growth process, beginning with conception and ending 
with seniht}'. 

2. Growth is an unfolding of life’s patterns, commonly described 
as instinctive drives. 

3. Each individual is one infinitesimal unit in the fife of all man- 
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kind; the newborn infant is n living replica of his ancestors for count- 
less generations. 

4. Growth is sUinulated by grorvth energy (vitality) which nor- 
mally is translated into behavior in terms of constructivo agressive- 
ness. 

5. Every infant is bom with various growth patterns which de- 
termine Ills physical stature, intellectual capacity and emotional re- 
sponse. 

6. Grorvth takes place from within. 

7. In all individuals growth of every kind proceeds in an orderly 
manner according to a specific sequence. 

8. The rate and extent of growth vary in different Individuals. 
Neither can be increased but the rate can be retarded and the extent 
can be hmited. This is especially true of emotional growth which can 
easily be stunted. 

9. Just as no two individuals grow at the same rate so the different 
aspects of growtli vary in one individual. 

10. Different degrees and different types of emotionni responses 
can be demonstrated at birUi. These responses constitute an individ- 
ual’s temperament, 

11. Each individual has a characteristic rhytlim of sleeping and 
waking. 

12. From the moment of birth infants respond to their environment 
in terms of feeling. With experience they form habits of responding 
with satisfaction and complacency or with fear and resentment. 

18. An optimum growth is possible if growth needs are supplied. 

14. The growth needs, in addition to food and physical care, are; 
security (produced by being wanted and accepted), the opportimlty 
for a child to grow according to his owu patterns, permission to as- 
sume responsibilities proportionate to age and ability, standards of 
behavior appropriate to age and level of growth. 

15. The problems in the mind of a child are created by his attempts 
to grow up and gain satisfaction from feeling that he is useful and 
important. 

16. When growing up becomes too difficult, a child responds in 
terms of fear, resentment and a sense of guilt. His behavior may take 
the form of overcompliance or overdeBance. 

17. A child fails to reach optimum growth when the process of 
growing up is beset with excessive difficulty; he may be emotionally 
stunted or regress to a lower and more comfortable level. 

18. Signs of frustration in growth are; Submissive, quiet, obedient, 
inactive and asocial behavior or destructive, disobedient, unruly and 
overdemandlng behavior. In both cases the behavior is younger than 
the child’s chronological age and represents growth problems in his 
mind which he cannot solve. 
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EPIDERUC lUNGWORJI OF THE SCALP 
jAires Herbert Mmanix, M.D.* 

At the 1946 annual meeting in Cleveland, Ohio, of the American 
Academy of Dermatology I reported on a survey of the continent of 
North America concerning the epidemic of ringsvorm of the scalp and 
discussed the epidemiology' and treatment of the disease. 

This survey for the most part was made by reports submitted to me 
by my coUeagues to whom I am much indebted for their cooperation, 
and to all of whom I extend my thanks. 

EPIDEMIOLOGY 

The epidemic began in New York and spread westward in an almost 
direct line. It did not become a public health problem in Boston or in 
Philadelphia. It was a minor problem in eastern Canada and com- 
pletely disappeared in western Canada. Except in northern Virginia 
there was not much activity in the southeastern states. In the south- 
western states there were not enough cases to justify the term “epi- 
demic" and most of the cases were due to Microsporon lanosum, the 
a n i m al microsporon, rather than to Microsporon audouini which svos 
the invading organism in the coast-to-coast epidemic. 

From New York City the epidemic took its course through Albany, 
Syracuse, Bochester, Buffalo, Detroit, and across Michigan into Chi- 
cago where there were probably 8000 cases. In the first survey by the 
H^th Department of Chicago the incidence of ringworm of the scalp 
as determined by examination of the scalp of school children with the 
Wood filtered quartz light amounted to 2.6 per cent In the first sis 
months of 1947 the incidence had dropped to 0.9 per cent. Personal 
reports from individual dermatologists and from directors of public 
clinics Indicate that the epidemic is now rapidly subsiding. 

In 1941, Moore of St. Louis stated that he had seen only four cases 
of Microsporon audouini hffectlon but in 1946 he estimated tliat there 
U'ere probably 4000 cases in that dty. 

In Anderson, Indiana, svilh a population of 42,000, there were at the 
peak 438 cases but through the very efBdent work of the Commis- 
sioner of Health, Dr. Conrad, no nmv case had been reported in the 
first six months of 1947. 

In Milwaukee there were very fesv cases and likewise in the state 
of Wisconsin ns a whole. But in St. Paul and Minneapolis there wris 
a real epidemic. 

From the Department of Dermatology, Presbyterian Hospital and the Univer- 
sity of liilnols College of Medicine, Chicago. 

* Professor of Dermatology (Rush), University of Illinois CoDrgo of Medicine; 
Chairman of the Department and Attending Dermatologist, Presbyterian Hospital. 
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Kansas City, according to my colleagues, had very few cases and 
these were not carefully studied. 

Going westward the epidemic attracted httle attention until the west 
coast was reached. In the coastal cities many cases were reported but 
the incidence was not very high. 

The causes leading to this epidemic were many and varied. First of 
all, wartime conditions which prevailed at the time of the epidemic 
were the most important factors. Small children were transported aU 
over the country to be with their fathers in camps and to see them off 
at embarkation ports. Hygienic conditions were of necessity poor. 
Moreover, many mothers of small children were employed in muni- 
tion factories and were unable to give their children proper care. 

It has been stated by many in print that the epidemic was a result 
chiefly of barber shop contagion, but my observations do not support 
this view. 

First of aU the average age of affected children has been found to be 
between 7 and 8 years. The heads of children of this age come into 
contact with the seats of all public conveyances and movie theaters. 
In my own personal observation I have found that the patients aver- 
aged Uvo movies a week. 

Boys were found to outnumber the girls by 7 to 1 and this fact has 
been cited in support of the barber shop theory. This can be dis- 
coimted, however, by the fact that boys wear short hair and never sit 
still in any seat. The girls found infected usually had pigtails vpith a 
part down the back of the head, in which the primary infection usually 
was found to ha\e occurred. 

The location of the principal lesion in my series of cases was found 
to be on the convex surface of the back of the head which would nat- 
urally come into contact with the seats in public conveyances and 
morfes. I have made a point of watching small children in morfes sit- 
ting down in the front rows slumped in their seats, squirming through 
double features. Bored to death by some parts of the movies they twist 
and squirm and deposit, or acquire, as the case may be, any Micro- 
sporon audouini which may be current at the time. Clippers are 
usually used only on the margins of the scalp and rarely on the con- 
vex portion of the back of the scalp. 

Two photographs (Figs. 61 and 62) are presented in support of the 
contention that public seat contact has been the most likely factor in 
the spread of tire epidemic of the scalp. 

Case I (Fig. 61).— J. S., a boy aged 11, was first seen October 11, 1944. The 
duration of his infection was undetermined. He had been under treatnient for some 
time wth local applications prescribed by the family physician who had given a 
favorable prognosis. The patient averaged two movies weekly but sometimes at- 
tended more as did his associates. Two younger children in the family had escaped 
infection. 

A diagnosis of Microsporon audouini infection of the scalp rvas determined 
by means of the Wood filtered quartz light, the microscope and Sabouraud culture. 
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Fig. 61 (Case 1).—Left, ConditfoD of fcaJp on fint visit A diagnosis of Mlcro- 
fporon audoulnl faifecUon of the scalp was made by means of the Wood fihcred 
quarti: light* the microscope and the Sabournud cultures. Right, Photograph made 
NoN’eraber 16, 1944. The epilation Qi>pears to be incomplete but the remaining 
haln were readily removed by the application of adhesixe plaster. seen 

Tanuary 17, 1945 there xvas no sign of activity and subsequent examinations were 
likewise negative. 


I, 



Fig. 62 (Case II).— Photograph taken before treatment 
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The patient was referred to Dr. F. H. Squire, roentgenologist of the Presby- 
terian Hospital, and an epilating dose of roentgen ray, using the five point technic, 
was given. A local application of 1 per cent phenylmercuric salicylate in acetone 
to be applied daily was prescribed. 

Case II (Fig. 62).— R. S., aged 9, was first seen February 12, 1945 with a case 
of short duration. The diagnosis was made by means of the Wood light, micro- 
scope and culture tube. Despite the fact that the infection was limited to the 
back of the head, complete roentgen epilation was advised and given by Dr. 
Snowden at the Presbyterian Hospital. On March 81, 1945 the epilation was 
complete and there was no sign of activity. There has been no recurrence. 

DIFFERENTIAL DIAGNOSIS OF MICROSPORON AUDOUINI 
AND M. LANOSUM INFECTIONS 

The clinical appearances of ringworm of the scalp due to Micro- 
sporon audouini and that due to Microsporon lanosum are usually so 
much alike that a difiFerentiation cannot be made without examination 
of ihe culttrre. 

The audouini infections are considered to be less inflammatory than 
those of lanosum but the former can produce kerion in rare instances 
and also produce markedly inflammatory lesions as is shown in Case 
III (Fig. 63). 

Moreover, Microsporon lanosum can produce dry scaly lesions in 
tlie scalp wthout any sign of inflammation as in Case IV (Figs. 64 
and 65). 

The hairs in both types of infections fluoresce in exactly the same 
manner and the microscopical appearance of Ihe spores in the hairs in 
15 per cent sodium hydroxide preparations is exactly the same. 

Examination of the culture on Sabouraud medium and microscopical 
e.xamination of the culture mounts, however, enables one to make a 
differentiation of the two organisms witli ease and certainty. 

Viewed with the Wood filtered quartz light, the so-called ‘Tilack 
light,” the colony of Microsporon audouini is seen to be brown 
throughout, whereas the colony of Microsporon lanosum, especially at 
Ihe edges, is of lavender blue. 

Microsporon audouini grows slowly and gradually develops radial 
grooves \vith very little tendency towards pleomorphism (Fig. 66). 

Microsporon lanosum grows rapidly, becomes flufiy and exuberant 
and grooves, if present at all, are likely to be concentric rather than 
radiaL 

Culture mounts, best made with the glycerine lactophenol fluid, 
show very definite differences in the two organisms. Microscopically 
Microsporon audouini will rarely show the presence of spindles or 
“fuseau.x” but spirals or “vriUes” \vill be found, Microsporon lanosmn, 
however, ^vill present abundance of fuseaux (Fig. 67). 

The importance of identification of the fungus lies in the fact that 
in many instances Microsporon lanosum infections will be found to 



RINCAVOHM OF THE SCALP 


respond somewhat more readily to topical apphcaUons than those of 
Mi^sporon audouini and therefore roentgen epilation may not be 

“^Toutkanding difference in the tivo tj-pes of infecUons is that the 
Microsporon audouini infecUon is strictly a human disease whereas 
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Upper, Microsporon lanosum infection of scalp and face, 
r™ weeks. (Arch. Derm. & Syph., 32:166, 1935.) 

uower, lep, stained hair showing small spores on surface. Right, Same fieli show- 
mg myceha in shaft of hair. 
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Fig. 65 (Com IV).— Upper, Unstained small spores In scales of lesions on face. 
Lower, Showing growth about lialr 48 hours ofter planting on agar. 
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^he scalp of two 

only. Lower InferfprI La depressions are characteristic. Parasitic for humans 
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Fig. 07 .-Culture mounlJ. best made -with the glycerine Inctophenol fluid, ihcnv 
very deflnlte differences in the two organisms Mlcroecoplcaffy Microsimron 
fludouinl wlU rarely show the presence of spindles or Racoux but splrab or 
"vTllle*’’ will bo founds MIcrosporon lanosum, ho^vcvcr, will present abundance ol 
fuseaux. 
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roentgen ray epilation, which fits in with what was said above as 
regards differentiation in the treatment of the infections of the two 
organisms. 

An interesting fact concerning the Microsporon audouini infection 
is that the infection usually clears spontaneously at puberty. In the 
thousands of cases found in the survey of the Chicago pubhc schools, 
tlie oldest patient was a boy of 14 years. A good example of the spon- 
taneous beabng of the infection is shown in Case V. 

Case V.— P. Z., aged 15, was first seen February 1, 1945, \vith an Infection of 
several years’ duration. Microsporon audouini was proved as the causative organ- 
ism by means of the Wood hght, the microscope and culture. The mother of tlie 



Fig. 68 (Case V).— The condition present at the first e-vamination. There were only 
a few au-eas of activity at the margins of the bald spots. 

patient had been diligently epilating tlie infected hairs for some time. On the 
occasion of tlie first examination there were only a few areas of activity at the 
margins of tlie bald spots (Fig. 68). Because of the age of the patient a topical 
application was prescnbed and the mother was advised to continue manual 
epilation and to return the son for examination. When last seen two months later 
there was no sign of actmt)'. 

Mothers of children were uniformly concerned about infections in 
their scalps and a routine examination was made by way of reassur- 
ance. A very large percentage of mothers were examined, of whom 
only one was found infected. This patient was a woman, aged 33, who 
had a daughter, 6 years of age, Avith typical Microsporon audouini 




Fig. 69 (Case VI).*— MIcrosi>oron audouini infection of *calp of child and of 
glabrous ildn of mother. Boy, aged 0, was seen In April, 1934 with t>’plcBl areas in 
*<alp. The microscopic and cultural findings wore typical of M. audouini Six weeb 
later the mother called attention to a dime-sized area on the posterior left shoulder. 
The culture of this lesion Is- seen above on the left and that of the scalp of the son 
on the right 

Dermatological Society, October 16, 1948. In their case the Infection 
was much more extensive. 

Infections of the scalp or of the glabrous skin of an adult is so rare 
that any such case merits attention. Case VI (Fig. 69) is the only 
example of Infection of ' the glabrous skin of an adult which has come 
under my observation. 
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TREATMENT 

Topical Applications.— Treatment of Microsporon audonini infec- 
tions of the scalp with topical applications has been disappointing and 
was abandoned by Sabouraud in tbe 90’s in favor of roentgen ray 
depilation. At that time schools were established for the children in 
Paris and they were kept in the schools until cures were certain. 

At the beginning of the epidemic in Chicago I tried all of the time- 
honored apphcations with very little success and eventually resorted 
to roentgen ray depilation as a routine treatment. Since the peak of the 
epidemic has been reached and the epidemic is definitely on the de- 
cline it may be that external application will be found to be of more 
value. Wartime conditions have ceased to exist and children are certain 
to be given more attention and care. 

Among the many applications used and probably as eflFective as any 
was 10 per cent of iodine crystals in goose grease. During the war, 
goose grease was difficult to obtain. Mr. Hutton, pharmacist at the 
Presbyterian Hospital, supplied the grease from his own geese. The 
mixture of the crystals of iodine and goose grease should be heated for 
at least thirty minutes in a double boiler before the iodine will go into 
solution. 

Another preparation used consisted of chrysarobin in 5 to 10 per cent 
strength in traumaticin, which is a former N.F. preparation known as 
liquor guttae perchae. 

Whitfield’s ointment with the following formula was used in full 
and half-strength. This consisted of salicylic acid 2 parts, benzoic acid 
4 parts, and unguentum petrolatum to make 30 parts. 

Ammoniated mercury ointment in 5 to 10 per cent strengths was 
used in many cases but patch testing should always precede the use of 
tliis ointment because of the high percentage of sensitized individuals 
found on routine patch testing. The value of the ointment as a fungi- 
cide is practically nil but it does keep down purulent infections and 
also prevents the floating about of loosened infected hairs. 

In one of the many wartime efforts in which I participated, a search 
was made for a fimgicide that would be effective in the Navy imder 
tropical conditions to prevent interference from fungi with radio com- 
munications. The most effective fungicide found was phenylmercuric 
salicylate. This, however, is highly toxic and must be used with great 
care. One per cent solution in acetone of this chemical was found to be 
effective in many cases of ringworm of the scalp but had to be aban- 
doned in some cases because of the irritation of the skin. 

The most publicized topical application was that using 5 per cent 
sahcylanflide in Du Font’s carbowax, as carried out by Schwartz and 
his co-workers of the United States Public Health Service in a public 
school in Maryland. The claim made that 100 per cent of cures re- 
sulted would seem in the light of my personal experience wth this 
preparation a bit, to say the least, roseate. Of the many carbowaxes, 
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No. 1500 should be used. The mother shotdd be Instructed to use plain 
water, svithout soap, when washing the scalp after the application of 
the ointment inasmuch ns soap makes a gummy mixture which is not 
easily removed. 

So many preparations for the trealroent of ^^ng^\xmn of the sldn and scalp are 
described and v.'idely advertised Unit it w-as thought adNisable to niake a crude 
test of the fungiddal and the fungistatic effects of tliese preparations. 

Haln tahen from the patch in tho posterior portion of the scalp in Case II 
Nvere planted on Sabouraud's medliun after covering the hairs with the preparations 
in the fo^o^vlng order: (1) control, (2) "Safety-Soap,” (3) equal parts of phenol 
and camphor, (4) phenol and camphor with tlic addition of ^vate^, (5) Zepliiran 
Qiloride, (0-7) Sopranol ointment, (8) 1 per cent phenylmercuric sahcylnte. 

An of the inoculations grew luxuriantly with the exception of those made \vith 
phenylmercuric tallcylate. With that chemical there was no growth of any kind. 

It may be recalled that De Krulff, tho Reader's Digest expert on all medical 
matteri, resurrected on ancient article by a retired army surgeon on the treatment 
of athlete f foot with a mixture of equal ports of phenol and camphor. This nibctiue 
Is inert and a nonelectrolyte until water Is added, when Uie phenol is bberated, tlie 
presence of which can be readily determined by tho ndchtion of ferric chloride 
Tho dermatitis whlcli resulted from the advocacy of tho use of this mixture kept 
tlio dermalologirts busy treating phenol burns for the foUowmg >ear. 

This mixture was independently described by an Italian physician and a French 
physician in the 1840's. Later it was commercialized as Camphoplienigue and put 
on the market by a St Louis company. So many cases of dorrrutitis resulted that 
it vns given a full page report of invostigabon by Dr. Pucknex in the Journal of 
the American Medical Atscciatlon (Vol. 48, p. 1364, 1907). As a result of this re- 
port the proportions were subseqaently reduced to 20 per cent phenol and 30 per 
cent camphor with 50 per cent mlnci^ olL 

Another widely advertised preparation known ns Descncs was tested by coher- 
ing tho hairs with the ointment and planting thorn on Sabouraud agar. No attempt 
'vas made to remove tho ointment from tho hairs before planting. It %vas found 
that hUcrosporon audouini infected hairs coated with Desenc-x ointment will bring 
forth lomrious colonies of MIcroaporon audouini ns if no such ointment had been 
applied. Mixing equal parts of a culture of Monllia albican* and Desenex ointment 
delays tho grmvth only slightly, 

Rocnigcn-Ray Dcpilalion.— The most effective and time-saving and 
therefore the most desirable treatment in an epidemic of Microsporon 
audouini infection of the scalp is depilation by the means of the 
roentgen ray. Under the supervision of Dr. F. H. Squire, radiologist of 
the Presbyterian Hospital, hundreds of patients were depilated in the 
hospital and in my office by Mrs. Pauline Campbell, who was trained 
by Dr. Squire. Using the five-point technic and a depilating dose of 
r to each point, excellent results have been obtained without any 
untoward sequelae. 

That there is a \vide margin of safety is shown by the fact that one 
boy was given, according to tlie written statement submitted the 
raffiologist of one of our smaller hospitals, 1250 r to two large spot 
depilatlons on the right side of the back of the scalp. More than a ye^ 
was required for a regrowth of the hair but at present although the 
hair is slightly thinned it is not noticeably so. 

• 48:1364, 1907. 
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“Spot” depilation has been advised by Dr. George Lewis and others 
but after a few trials I have discontinued such depilation inasmuch as 
I have found that, after depilating the spot, activity has developed 
around the depilated areas. 

After a depilating dose of roentgen ray the difluvium is practically 
complete in four weeks at which time the patient is asked to retium 
for observation. If there are scattered hairs remaining they are re- 
moved by applying adhesive plaster over the areas in which the stubs 
of hairs remain. By this technic the scalp can be completely depilated 
and the patient is advised to continue one of the various ointments for 
another month at which time there should be an examination with the 
Wood light 
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